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THE MRT OF PATTERN-MAKING. ^| 

jn it, the opinicwi was formed that the shorter jnece 
had shrunk in length. The resistance that soft, 
white pine offers to compression is not very great. 
If a piece of this wood, of cross-section small in 
comparison to its length, is left standing on end a 
sufficient space of time, it is possible for it to de- 
crease in length owing to its small power of withstand- 
ing compression, and thus create the belief that 
shrinkage was the cause of the change. For all 
practical purposes it may be said that soft, straight- 
grained white pine will not change its length by 
shrinkage. 

When patterns are to be subjected to rough 
usage, or are to he used for many castings, harder 
woods, such as baywood, cherry, ash, maple, etc., 
are selected. The first-named of these possesses 
some of the qualities of white pine, in that it is 
easily worked and_ will hold its shape well ; but it 
is the most expensive of the woods used. Of late 
years redwood has been largely employed in mak- 
ing patterns, but, although somewhat cheaper, it 
does not work as freely as white pine. Except for 
large and plain patterns, where the cost of material 
amounts to a large proportion of the entire expense \ 
of construction, the use of redwood for pattern I 
work is of doubtful economy. \ 

Metal patterns are also largely employed, but of 1 
course the original must have been made of wood 
or other material, and the metal pattern produced 
by process of founding. 

Green-sand moulding is practiced to a greater 
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extent than other methods, because it is the cheap- 
est for producing castings, especially for small work 
that is to be much duplicated. In this the mould- 
ing is done in a suitable sand, moistened sufficiently 
to make it adhere together. Patterns for green- 
sand moulding are models of the object to be cast, 
and are made in such a manner that they may be 
readily withdrawn from the sand without mutilating 
the mould. To enable this to be accomplished the 
pattern is made in two or more sections, as the case 
necessitates, and so joined together as to allow the 
different parts to be withdrawn separately and in a 
manner depending on the form and position of the 
part. Core-prints are provided where necessary 
to locate and support the cores. Cores are bodies 
of {prepared sand, baked. Their exterior form cor- 
responds to an interior part of a casting, or to imder- 
cuts on its exterior that will prevent a model of it 
being withdrawn from the sand. In such a case the 
pattern is provided with core-prints which abolish 
the undercuts and leave impressions into which 
cores are inserted to supply the part or parts of 
the mould made vacant by the core-prints. 

Dry-sand moulding is next in importance. In 
this method the moulding is done in sand mixed 
with materials that will cause it, after being baked 
in an oven, to adhere firmly together and withstand 
greater pressure without distortion than with green 
sand. Another advantage the dry-sand method 
possesses is that the mould may be *' cheeked/' as 
foundrymen say; that is, it may be divided into 
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a number of parts and those parts lifted away to 
relieve undercuts and similar places in the patterns. 
Statuary is moulded in this manner. 

Patterns for dry-sand moulding are constructed 
and finished in a similar manner to those for green 
sand, except that they can often be made ■with 
fewer pieces when the mould is to be "cheeked" 
and drawbacks employed. 

J^am moulding is used for the larger and heavier 
castings. In tliis method the moulding is not done 
in a flask, as in the case of the two previously de- 
scribed methods, but is built up of brickwork, 
strengthened by rods and plates where necessary. 
The moulding material is a mixture of sand and 
other materials of about the consistency of mortar. 
It is worked into the mould between the pattern 
and brickwork. By this method the mould can 
be made into any number of necessary sections, 
which can be disjointed, thus relie\'ing the pattern 
and allowing its withdrawal. When the sections 
are assembled in a pit and clamped together with 
sand firmly rammed around the mould the latter is' , 
prepared for the metal. 

In constructing a pattern to be moulded in loam 
it is advisable to use wood sparingly, and where it 
is used provision should be made for its swelling, 
which it will do by absorbing moistm-e from the 
loam, A strike or sweep used in loam moulding 
is a flat piece of board with the edge so shaped as 
to conform to the profile of a part of the desired 
casting by revolving it on a spindle or mo\"ing it_ 

I 
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along guides, as the case requires. The required 
part of the mould can be formed without necessitat- 
ing the pattern being worked out for it. A pattern 
to be moulded in loam is often but a skeleton of 
woodwork, some parts of it representing corre- 
sponding parts of the intended casting and other 
parts forming guides for sweeps. For instance, the 
motdd for a plain cylinder may be formed alto- 
gether with sweeps by securing them to a spindle 
and revolving them while building up the mould. 

Wooden patterns are usually finished with a 
coating of shellac dissolved in alcohol. This method 
is quick, furnishing a smooth surface, and provides 
protection against dampness when the pattern does 
not remain in the mould very long, as generally is 
the case with green-sand moulding. But when the 
pattern remains in the mould for a length of time, 
especially in a loam mould, which is very wet, 
shellac does not afford a very good protection against 
the absorption of moisture by the pattern, and 
swelling is then the result. Painting the pattern is 
the alternative in this case, but it is seldom prac- 
ticed in this country, in consequence of its incon- 
venience. Thoroughly oiling the pattern previously 
to its being placed in a loam mould is the usual 
practice. 

All metals in passing from the liquid to the solid 
state suiler expansion when in the plastic condi- 
tion. It is this feature in the transition that en- 
ables metals to take and retain the impressions of 
motilds with such fidelity. In cooling from the 
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plastic condition to the solid state metals contract; 
the amount of this contraction to normal tetnpera- 
ttire will vary for the various kinds of metals. 
Patterns have therefore to be made larger than the 
intended casting by this amount, and here occurs the 
necessity on the part of the pattern-maker for the 
use of discreet judgment based upon extended 
experience in order to obtain the best possible 
results, because different kinds of varying mixtures 
of iron as well as that of alloys will contract with 
varying amounts. Moreover, the varying propor- 
tions of castings when made of the same material 
will vary in their amount of contraction. Thus an 
extended and plain casting will contract differently 
from one of more compact form, though both may 
be of equal weight and cast at the same time and c£ 
the same material. It is necessary also to make 
an allowance for the parts of a casting that are to 
be finished, taking into consideration the liabiHty 
of imperfection in the form of the casting. 

All woods contain moisture to some extent. Wood 
kept for several years in a dry place will contaui 
ig or 20 per cent, of water. Wood that has been 
thoroughly kiln-dried will, when exposed to the air 
■ imder ordinary circumstances, absorb 5 per cent. 

of moisture in the first three days, and will continue 
to absorb until it approximates 15 per cent, of 
water. Wood, however dry, is subject to change; 
it will swell or shrink according to the himiidity 
of the atmosphere or the hygrometric conditions 
imder which it is placed. These circumstances 
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must be taken into consideration when a pattern is 
about to be constructed, and the material so manipu- 
lated that its swelling and shrinking will counteract 
each other in order that the pattern may retain its 
form and dimensions as nearly as possible. 

There is another peculiarity of wood — its ten- 
dency to warp in one direction, the cause of which 
needs to be considered when a structure is to be built 
up with pieces of wood of various shapes and dimen- 
sions. 

When a tree is sawn across it is observed appar- 
ently to be made up of a number of annular rings. 
One ring is reckoned for each year in the age of 
the tree. These rings are composed of numerous 
minute tubes known as capillary tubes. The sap 
which gives life and growth to the tree is absorbed 
by its roots from the soil through which they run. 
This sap is conveyed through the capillary tubes 
or veins of the tree by a mysterious force known 
as capillary attraction. When the capillary tubes 
are deprived of moisture they contract in diameter 
and consequently the system which they compose 
becomes smaller. 

Fig. I illustrates a section of a tree with the 
capillary tubes somewhat exaggerated. If such a 
piece is cut at a season of the year when the tubes 
contain sap, it will split in the course of drying, as 
shown by Fig. 2, because the outside tubes dry out 
first and in shrinking the tenacity of the wood is not 
sufficient to overcome the resistance to compression 
offered by the wood within, which has not shnmk 
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'ft occurs ' 



so much, and consequently as the shrinkage occurs 
with great force the outer wood is pulled apart. To 
prevent this tendency to split, a hole is often bored 
through the center with the grain th s e bles tl e 





wood to dry and shrink from the inside as well 33 ■ 
from the periphery. Fig. 3 shows the section cut 
with the grain into three parts, and Fig. 4 shows it 
cut into six parts ; they also show the direction in 





which the shrinkage and warping occur. A knowl- 
edge of this tendency of wood to shrink and warp in 
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drying is important to possess, and a proper regard 
for it in joining woodwork will avoid many difficul- 
ties. 

Pattern-making is of infinite variety, and the 
pattern-maker is never done learning. New forms 
and devices are continually appearing ; these necessi- 
ta.te constant study and scheming on the part of 
the pattern-maker to meet the new conditions. An 
extended range of thought, skill, and experience is 
necessary for efficient pattern-making. A model 
of an object is not necessarily a pattern, because it 
may be made in such a manner that it will be im- 
practicable to mould it. 

To become an expert pattern-maker necessitates 
talents superior to those required for any of the 
branches of the machine business except designing. 
The pattern-maker should possess the qualifications 
of a moulder and also a draftsman, and must be able 
to read any mechanical drawing readily and conceive 
the form and intention of the object illustrated by the 
draftsman, and comprehend its details in the mi- 
nutest degree. He must be able to determine how 
and in what manner the object is to be moulded be- 
fore he can intelligently begin the construction of 
the pattern, and avoid the errors likely to occur by 
his inability to do so. Expert pattern-makers are 
classed with the best general mechanics. 

It is a mistaken opinion of some persons that any 
mechanic working in the trades where the chief 
material used is wood can work at pattern-making. 
The pattern-maker is trained to the greatest refine- 
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ment in the art of working wood. There are few 
employments which require greater specialized 
knowledge of rather a wide range than that of 
pattern-making. 

Good carpenters and cabinet-makers can become 
, pattern-makers after the necessary training, their 
degree of success as pattern-makers depending in a 
great measure on how great an impression the habits 
acquired in their respective trades have made upon 
them. 



II. 

EQUIPMENT OF A MODERN PATTERN-SHOP. 

The most advantageous arrangement that can be 
given a modem pattern-shop depends upon the floor- 
plan. 

Assuming that the room is rectangular, of ample 
dimensions, and is sufficiently lighted on the sides, 
the most convenient disposition is to place the work- 
benches along one side and the machines along the 
other. By this arrangement the dust and shavings 
can be kept under better control and the trans- 
mission of the power to the machines faciHtated. 
Where the dimensions of the floor are about equal 
lengthwise and across, and there is sufficient room 
for the benches along both sides, it is advisable to 
place the machines in the middle or at one end of 
the workshop. A room in which to keep the various 
articles used about the shop by the workmen and 
belonging to the works, such as hand-screws, clamps, 
and other tools, should be partitioned off. It should 
be the duty of the sweeper to see that these articles, 
when not in use, are kept in a place provided for 
them. 

Stands or shelves should be erected at each lathe, 
and the various attachments, such as chucks, cen- 
ters, etc., kept upon them when not in use. Simi- 

13 
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lar fixtures should also be pro\'ided, where neces- 
sary, for the other machines. 

The line shaft should run from 250 to 300 revolu- 
tions per minute. All wood-working machines 
require high speeds. With a moderately high 
speed to begin with, the necessary speed of the ma- 
chines can be transmitted from the line shaft to 
better advantage than when a lowerer speed of the 
shaft prevails. 

Wood-turning lathes are indispensable in a pat- 
tern-shop, and there should be several of them, their 
number depending on the number of workmen 
employed. In a shop having a force of forty 
pattern-makers at least four lathes are necessary. 
One of these should be a face-lathe for large diame- 
ters, ten feet or thereabouts. Another should be a 
combined face and tailstock lathe, having an over- 
hanging face-plate capable of swinging pieces of about 
six feet in diameter, and a capacity of two feet in 
diameter between the centers. The others should be 
ordinary wood -turning lathes of smaller capacity, one 
of which should be suitable for the smallest work. 
Wooden cones are preferable for wood-turning 
lathes, and they should be carefully balanced. The 
speed for wood-turning may vary from 1200 to 
2500 feet per minute, according to the nature of 
the work. 

In a shop of the foregoing capacity two circular- 
saw machines are necessary, both of which should 
be provided with an iron table and an arrangement 
by which the vertical height of the saw may be 
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adjusted. One of these shotild be capable of receiv- 
ing a saw 28 inches in diameter, and the other a 
saw 14 inches in diameter. The smaller machines 
shotild combine both cross-cut and rip saws, and be 
so arranged that they can be made .to *Svabble" 
for rabbeting. 

The usefulness of the machines depends largely on 
the condition in which they are kept. An excellent 
system is to have the teeth of circular saws shaped 
as in Fig. 5, and do all the filing on their front or cut- 
ting sides, the backs of the teeth being spiral curv'es. 
By this method, when the teeth are all filed equally 
on their fronts, the saw will be reduced tmiformly 
in diameter, the amovmt of reduction depending 
on the spirality of the backs of the teeth and the 
extent of the filing. 

To gttm such a saw, a rotary or milling tool should 
be used. There are various neat little machines of 
this kind on the market, using mills of various sizes 
which can be clamped on the saw and the mill re- 
volved by means of a crank, while it is fed to the 
tooth automatically. The mills make a rounded 
throat, which should extend slightly under the face 
of the teeth, so that in filing it will be unnecessary to 
extend the filing to the throat. This method 
requires but little filing to keep the saw sharp. If 
the saw is of sufficient size to admit of the employ- 
ment of a swage for the setting of the teeth, this 
method should be adopted, as with it better results 
can be obtained from the saw than by bending the. 
points of adjacent teeth in opposite directions. An 
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excellentswaging-tool is on the market with which 
the swaging is done by a cam operated with a 
lever. The style of tctoth here commended is 
shown at Fig. 5. 




Fig. 5. 



The bearings for the arbor of circular saws shotdd 
be of ample length and babbitted. They require 
careful attention, and should be taken apart and 
cleaned periodically, as it is practically impossible 
to prevent dust working into them. 

Circular saws give good results when running at 
speeds of from 8000 to 10,000 feet per minute. 

Circular saws are usually belted so that the revolu- 
tions of the arbor cannot be varied. In course of 
time saws become worn until their diameters are 
reduced considerably from their original dimen- 
sions; consequently there may be several saws of 
different diameters used on the same arbor, and of 
course their speeds will vary in proportion to their 
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diameters. These conditions are met and the best 
restilts obtained from the machine by driving the 
arbor to the Umit of speed for the largest diameter 
of saw to be used; that is, at about 10,000 feet per 
minute for the periphery of the teeth. 

A handy device for use when dressing saws is 
shown in Fig. 5. It consists of a T frame with the 
horizontal bar secured to a bench. The upright 
has a slot for the vertical adjustment of the saw. 
To the right is a swage, whose pivot can be adjusted 
on the horizontal bar; to the left is a small vise, 7, 
to receive one tooth of a saw. This vise is adjustable 
on the horizontal bar, to which it can be clamped 
by a thumb-screw. By gluing a piece of paper 
around the end of the file and keeping it bearing on 
the shelf while filing, all the teeth can be filed alike 
without diffictdty. 

The next most important tool for a pattern-shop 
is the band-saw machine. In a shop of the before- 
mentioned capacity there should be at least two of 
these, one to carry saws up to i^ inches wide, and 
the other to carry saws up to one inch. One great 
disadvantage in the use of these machines is the 
want of stiffness in the frames. There are but few 
made which are not deficient in this respect. 

Band-saws give good results when run at a speed 
of 3500 to 4000 feet per minute. These machines 
are usually provided with breaks for the stoppage 
of the saw, and should always be so arranged that 
a pressure on a pulley beyond a certain fixed limit 
cannot be produced by them. If they are not so 
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provided and the saw is stopped very suddenly, it 
is likely to break in consequence of the strain thus 
created. A great drawback to the use of these 
machines is the cost of the saws, which consequently 
break. That a band-saw will give way in the course 
of time is inevitable. Every time that a saw passes 
over the wheels while running, it bends and straight- 
ens again. This fatigues the material, and with 
continued nmning it is distressed beyond ultimate 
endurance, just as any similar piece of metal would 
be broken by being bent back and forth a sufficient 
number of times. 

The breakage of saws may be reduced by careful 
attention to their condition and that of the ma- 
chine. In joining them they should be scarfed 
and lapped two teeth and brazed with silver solder. 
Immediately the tongs are removed from the joint, 
a few drops of oil should be dropped on the saw by 
the side of the lap. If not so treated, the saw i^ 
likely to become too soft on either side of- the joint 
and will break there earlier than at any other part. 

Band-saws should always be kept sharp and have 
a proper set to the teeth, and the wooden jaws on the 
guide-bar of the machine should be kept set up close 
to the saw. The mouth-block in the table also 
requires frequent attention, as the deflection of 
the saws, especially the smaller ones, cuts them 
away. 

An excellent little machine for sharpening and 
setting band-saws is to be found on the market. It 
can be secured to a post and occupies little room. 
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Being driven by power, a saw can be put in, the 
machine set going and allowed to run without fur- 
thter attention until the saw is finished. 

Another important machine in the pattern-shop 
is a hand-planer. There should be two of these 
machines, one with 16-inch knives, to be kept for 
rough work, the other with 24-inch knives, to be 
reserved exclusively for the cleaner and finer class 
of work, because, if allowed to be used indiscrim- 
inately, the latter will seldom be in the condition 
essential for the kind of work required of it and 
for which the machine is specially adapted. The 
back table of a hand-planer shotild be provided 
with a locking arrangement, in order that its posi- 
tion cannot be changed after having been adjusted 
to the knives. 

The speed recommended for hand-planers is 
4000 feet per minute, but they will work satisfac- 
torily between that speed and 3500. 

A stirfaee or cylinder planer is also a useful ma- 
chine in a pattern-shop. An improved machine of 
this kind does not require a great amount of atten- 
tion; it suffices to have the knives kept in proper 
condition and the bearings inspected occasionally, to 
see that the oil is properly performing its functions. 

The speed is the same as for the hand-planer. 
When it is difficult to obtain 4000 feet per minute, 
a speed between that and 3500 feet will give satis- 
faction. 

A Daniels planer is very useful in a pattern-shop. 
It is simple, effective and durable, requiring but 
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little instruction regarding its care and use. 
With this planer the lumber can be planed out of 
wind, which cannot be done with a cylinder planer, 
although the work is not so rapidly done as with the 
latter. 

The cutters of a Daniels planer should run at a 
high rate of speed, say from 10,000 to 1 1,000 feet per 
minute. The style of cutters recommended for a 
Daniels planer are shaped like the letter J, the cut- 
ting edge being on the side. 

A jig-saw is required in a pattern-shop for inside 
sawing. The band-saw, which has supplanted it 
for outside sawing, is not adapted for positions 
boimded entirely by the material. 

An advisable speed for this machine is from 500 
to 1000 strokes per minute, according to the char- 
acter of the machine. 

A vertical boring-machine is also useful in a 
pattern-shop. One having a capacity for boring 
holes up to 2 inches in diameter is preferable, and 
should be arranged with two speeds, one to produce 
8go or 900 revolutions of spindle, for bits more than 
i\ inches in diameter, the other 1200 or 1300 revo- 
lutions, for smaller bits. 

A core-box machine is another very useful ma- 
chine in a pattern-shop. A machine of this kind is 
on the market, on which core-boxes of any length 
and from J to 20 inches in diameter can be worked. 
Staves and similar pieces can also be worked 
accurately and rapidly ofi their hoUow sides by 
this machine. 
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Among the minor power machines that a pattern- 
shop should have are a grinder for planer-knives, 
a wet emery-grinder for bench-tools, and two grind- 
stones, one of the latter being corrugated for the 
convenience of grinding inside bevel gouges. 

Trimmers are indispensable in a modem pattern- 
shop. It is advisable to have at least two of the 
largest size for the general use of the shop, and several 
of smaller size, one being located convenient to each 
two benches. 

There are several other necessary adjuncts to 
the complete equipment of a pattern-shop, but 
these are so well known that description of them 
is here unnecessary. 

The bearings of wood-working machinery require 
very careful attention, in consequence of the high 
speed at which it revolves and their liability to 
the deteriorating effects of dust. Bearings should 
always be provided with tallow-boxes, which should 
he kept filled with tallow or, better, with Albany 
grease. A small hole should be made through the 
grease near each end of the bearing, into which a 
little oil should be dropped before starting the ma- 
chine; then, shotild the oil work off with continuous 
running, the grease will continue to keep the bear- 
ing lubricated. 

The foregoing is noted as to machines necessary 
for the equipment of an up-to-date pattern-shop, 
one that should be able to perform with precision, 
expedition, and economy, as far as faciUties are con- 
cerned, the work required of it. 
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Of course it is possible to get along, in a manner, 
with less machinery, but such a shop would be 
at a disadvantage when competing with a better- 
equipped concern. 

In many shops a great variety of woodwork is 
done other than that of pattern-making. In such 
establishments additional machinery is necessary, 
the kind and quantity of which will be governed by 
the nature and extent of the work. 

The style of work-bench usually furnished pat- 
tern-makers is the ordinary carpenter's bench, i6 
feet long. Pattern-makers seldom have need of a 
bench more than 12 feet long, and Fig. 6 repre- 
sents a convenient style. 




Fro. 6. 

The dimensions of a double bench of this kind, i 
well adapted for pattern work, are: 12 feet long, 
4 feet wide, and 3 feet high. For a single bench the \ 
width should be 3 feet, and the other dimensions 1 
thi! same as for a double bench. Each bench should 1 
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have a shelf about i foot from the floor, extending 
over the entire space between the legs of the bench. 
It should also have a drawer for each workman. 
The framing and the top should be of hard wood 
about 3 inches thick, except for about 18 inches in 
the middle of the width of the top; this can be of 
I -inch pine placed flush with the bottom of the side 
pieces, forming a recess in the middle of the bench, 
as illustrated. This recess is convenient for the 
retention of small tools and articles to be used about 
the bench. The jaw of the vise is placed horizon- 
tally, and to it is attached a ratchet bar sliding in 
bearings under the end of the bench. A pawl is 
fitted into the bench over the bar by means of which 
the jaw can be adjusted to suit the work to be 
clamped. This device is shown in detail, marked a. 
The vise-screw is of iron, which works more easily 
than if made of wood. The above arrangement of 
the vise is more convenient than the ordinary ver- 
tical position, as this necessitates stooping on the 
part of the workman in order to attend to the ad- 
justment ; and rather than do this he will often use 
the vise in an awkward position, at the risk of result- 
ing damage. Of late years iron bench-vises are 
becoming much used and are meeting with justly 
increasing favor. 

When sufficient space is available, single benches 
are preferable. With double benches the space 
necessary per workman in the length of the bench 
row is about 5 J feet; with single benches it is about 
t\ feet. 



THE MANAGEMENT OF A MODERN! 
PATTERN-SHOP. 

The qualifications necessary for a foreman to 
in order to successfully manage the affairs | 



of a large pattern-shop are that he should be a 
draftsman, a good aritlimetician, should have a 
thorough knowledge of the art of moulding, and 
should be a good judge of human nature as well as 
of the different materials used in his department. 
He should be able to decide the manner in which 
any pattern is to be moulded, and to direct the 
construction of the pattern accordingly. He should 
also have a thorough knowledge of the constructiOTi 
and care of wood-working machinery, and not the 
least of the necessary quahfications are energy, 
good character, and good habits. 

By some persons the pattern-shop is considered a 
drawback to the machine business in consequence 
of the expense because patterns do not show in a 
completed structure as other materials do, and are 
considered unproductive. Yet the pattern-shop is 
more essential than the drawing department, to 
which it is closely allied. It is possible to dis- 
pense with the latter in the machine business, 
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though not with the former where castings are 
reqtdred. But unfavorable criticism of the pattern- 
shop is frequently the result either of the critic's 
inexperience in mechanical pursuits, or the asstunp- 
tion of knowledge that he does not possess. The 
person who invents a method of making castings 
without the aid of patterns has both fame and 
forttme awaiting him. 

The expense attendant on the use of patterns is 
often tmnecessarily increased, owing to the abuse 
which they receive in the foimdry. Some mould- 
ers are veritable pattern-smashers, and will do more 
damage to a pattern in making a half-dozen castings 
than others will in making a htmdred. 

Pattern work, like all other kinds of model work, 
is expensive, and can be made more or less so accord- 
ing to the work required of the pattern. In this 
respect patterns may be divided into three classes, 
and the cost of producing them should be varied 
accordingly. 

a. Patterns of a temporary character, those not 
likely to be used more than once. These should be 
made with as little expenditure of labor and ma- 
terial as possible to enable them to perform their 
functions. These patterns should not be preserved, 
as they tmnecessarily encumber the pattern-loft. 

b. A class of patterns likely to be used occasion- 
ally, sometimes at long intervals. These should be 
preserved, and more pains be taken in their con- 
struction than with the former, as they have to 
withstand the usage in the foimdry as well as the 



a6 THE ART OF PATTERN-MAKING. 

distortion likely to occur to them during theii* storage 
in the pattern-loft. 

c, A class of patterns regarded as standard and 
which are frequently used. These cannot be made 
too well, and when properly constructed are neces- 
sarily expensive in first cost. 

When a drawing is received in the pattern-shop 
the first duty of the foreman in connection there- 
with is to acquaint himself with it and decide how 
the pattern is to be made, and in what manner 
moulded. If detail drawings of a machine or other 
device to be constructed are received, a general 
drawing should accompany them, or else the fore- 
man should be made acquainted with the general 
arrangement of the parts. When this is done he 
will often be able to detect errors which might not 
otherwise be discovered \mtil after the castings have 
been made and the machining of them is in progress*, j 

There are several allowances necessary to be de-l 
termined previous to beginning the construction 
of a pattern. The one most troublesome to the 
pattern-maker is that for finishing. The amount 
that will answer for one machinist will not suit 
another. It is advisable to leave as little as possible 
for finishing, and to have sufficient to allow for the 
proper finishing of the castings. This allowance 
will depend a great deal on the result of the casting 
and its likeness to the pattern. This is likely to 
vary according to the manner of moulding the pat- 
tern. As a rule, the castings requiring the. greatest 
amounts for finishing are those which have been 
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moulded in loam, and castings made of steel. 
These are liable to vary from the proper dimen- 
sions to a greater extent than those moulded by 
the other methods. Large castings of steel are 
never as true to pattern as those of other metals. 

For patterns to be motdded in loam and for steel 
castings an allowance of from one fourth to one 
half of an inch, according to the part to be finished, 
is necessary. 

For ordinary castings moulded in green or dry 
sand an allowance of from one eighth to one quarter 
of an inch is sufficient. For the smaller castings, 
which have been moulded neatly and are of sound 
metal, an allowance of from one sixteenth to one 
eighth of an inch will answer. 

The allowance for shrinkage, or the amount the 
pattern is required to be made larger than the in- 
tended casting, is another important preliminary 
matter to be determined before constructing a 
pattern. The conventional allowance for iron cast- 
ings is one eighth of an inch per foot, but this rule 
needs modification in applying it to castings of 
various shapes, dimensions, and mixtures of metals. 
To insure accuracy in castings much depends on 
the judgment of the pattern-maker in providing 
for their construction. Hard irons, as gtin-iron, 
will shrink more than the above amotmt, while soft 
iron will shrink less. Yellow brass will shrink more 
than bronze. A plain cylinder will shrink less in 
diameter than in length. 

With large cylindrical or box-shaped castings 
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tA iron it is good practice to allow one tenth of an 
inch per foot for shrinkage in length, and one half of 
this amount in diameter, or across. The shrinkage 
in length of such castings is generally very Uttle 
restricted, while in diameter it is resisted by the 
cores or internal parts of the mould. Two castings 
of the same weight and of the same kind of material, 
one of which is extended and the other more com- 
pact, will shrink differently, the latter shrinking 
less than the former, 

Metals, like water, are densest in their hquid 
state, the point of greatest density being near the 
temperature at which they solidify. From this 
point they will expand either with a reduction or 
an elevation of temperature. Iron, when about to 
sohdify, undergoes a sudden expansion, owing to 
the effort of the molecules to arrange themselvo) 
in definite positions. After solidification takes place 
it begins to contract, with a further loss of tem- 
perature. When the contraction begins, the metal 
is just leaving its plastic condition, and its cohesive 
strength is considerably below that of its normal 
state . I f at this period the contraction of the metal is 
resisted by parts of the mould, a fracture of the metal 
is likely to occur. With some of the more contracti- 
ble metals, as with steel, to avoid fractures it be- 
comes necessary, as soon as the metal has set, to 
relieve the interior parts of the mould and allow 
the metal freedom in shrinkage. In the case of a 
plain cylinder, where its shrinkage is resisted by an 
internal core, the metal will contract within its 
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annular wall until its cohesive strength becomes 
sufficient to compress the core, at which period it 
will have undergone part of its contraction. This 
accounts for the reduced shrinkage of cyHnders 
diametrically. 

The usual allowances for the shrinkage of castings 
of different metals are, per foot : 



bf or iron one eighth of an inch. 

bratiM five thirty seconds of an inch. 

brass three sixteenths of an inch. 

yellow brass sev-en thirty seconds of an inch. 

steel three sixteenths of an inch. 

shuninum seven thirty-seconds of an inch. 

zinc seven thirty- seen nds of an inch. 

lead seven thirty-seconds of an inch 

tin three sixteenths of an inch. 



t 



. is not always known where the castings for 
^^ch a pattern is to be constructed are to be made. 
The opinions of moulders will differ widely as to the 
best method of moulding some patterns. In such 
cases the foreman is often perplexed. His desire 
should always be to have a pattern made to be 
moulded to the best advantage of the foundryman. 
Where there is any doubt as to the best way of 
moulding a pattern, the foreman moulder should 
be consulted where it is possible. As he is respon- 
sible for the proper production of the castings, his 
desire should be regarded and the pattern made 
for his convenience. 

It is too often the case that strained relations 
exist between the heads of the pattern-shop and 
: foundry in consequence of the perversity of 
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one or the other, or through attempts made to shift 
responsibilities. Each should desire harmony in 
their business intercourse, because without this 
the work cannot be carried on to the best advantage 
of their employers. 

The foreman of a pattern or any other shop should 
be relieved of any clerical work. His proper place 
is ill the shop among the workmen, observing what 
is going on; to inspect and direct the work in prog- 
ress ; to see that every employee is performing his 
duty properly, and that the materials and machin- 
ery are properly used. When he performs all this, 
he will have little time to devote to office work. 
With pattern lumber at from seven to ten cents per 
foot, and where large quantities are being used, it is 
an important part of a foreman's duty to see that it is 
economically employed. The repairs to machines, 
belting, etc., and the sharpening of cutters is quite 
an item in the running expenses, and the desire 
should be to reduce this to a minimum. 

A foreman should have full control of the em- 
ployees in his shop as long as he is held responsible 
for its management. Without this it is probable 
that by some he will not be respected as he should 
be. He should be gentlemanly in his intercourse 
without being too familiar with his subordinates, 
and should insist on being respected by them. In 
some instances the responsibility of employing and 
discharging employees, as well as other duties 
which should belong to the foreman, are assumed 
by others above him. Where such a condition 
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prevails, the inevitable tendency is to impair the 
efficiency of the shop, and it behooves the foreman 
to use his judgment very discreetly if he desires to 
reduce to a minimum the annoyances inseparable 
from such a system. 

One thing that reflects credit on the management 
of a pattern-shop is to have it look clean and tidy. 
Of cotirse it is impossible, where so many shavings, 
etc., are made, to have such a shop look as clean as 
some other kinds of shops. However, it can be kept 
reasonably clean without an excessive amount of 
labor by a proper system, making it the business of 
a person to clean the shop. What helps to make a 
pattern-shop look untidy is the accumulation of 
scraps, etc., that litter the floor under the work- 
benches, thrown there by the workmen for future- 
use, but who seldom trouble themselves to look 
through the lot when it is easier to cut a board. 
This accumulation is aided by the unsuitableness 
of the ordinary carpenter's work-bench, which is 
the kind usually supplied to pattern-makers. With 
the style of bench previously illustrated and de- 
scribed, having under it a shelf about one foot from 
the floor for the reception of articles not wanted 
for immediate use, the space under the bench can 
be swept clean and accumulation of rubbish pre- 
vented. 

It is too frequently the case that work-benches 
are unnecessarily abused. Some workmen will 
use the bench-stop while sawing and thereby risk 
cutting into the top and vise rather than take the 
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trouble of making a bench-hook. The undue dis- 
figurement of a work-bench is infalUble evidence 
that it has been occupied by a careless and slovenly 
workman. 

The machines in the pattern-shop most likely 
to cause accidents, as well as to be misused, are the 
circular saw and the hand-planer. When workmen 
are careless or ignorant of the use of machines they 
should be instructed how to use them properly. No 
saw should ever be forced beyond its limit for doing 
good work. Even a good saw in the best of con- 
dition can be made to work unsatisfactorily by forc- 
ing the work too hard upon it. In using a circular 
saw a person should never place his hand behind 
it while standing in front, nor even let the hand pass 
in front of the saw while so standing. A stick should 
be kept handy, and when the end of the work is near 
the saw, finish by pushing it through with the stick. 
Should the saw incline to run out when not forcing 
it, withdraw the work and investigate the cause, 
which will likely be one of the following: a dull saw 
or one with insufficient set. Should the work spring 
and bind on the saw, withdraw it at once and begin 
sawing at the other end, or else have some one insert 
a wedge after the end has passed the saw. Many 
deaths have been caused by the board being sawn, 
binding on the back of the saw, which causes the 
board to be raised until the top of the saw comes ifl 
contact with it and throws it forward with great 
force. 

The band-saw is not considered a dangerous tool* 
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but it is liable to great abuse by the use of saws 
that are too dull or insufficiently set, or by attempt- 
ing to saw curves smaller than those in which the 
saw will freely turn. 

Nearly every accident occurring on the hand- 
planer is caused by attempting to plane short pieces 
which, before they are made to bridge the mouth of 
the planer, are caught by the knives and drawn in. 
Often a hand goes in with the piece of work, and the 
person is maimed for life. A good rule to be ob- 
served in using this machine is never to attempt to 
plane a piece of work on it less than i o inches long 
nor less than f of an inch thick. 



IV. 
PATTERN WORK FOR MOULDING IN LOAM. 

The present chapters have not been written with 
the view of teaching the art of pattern-making, but 
rather presuppose a knowledge of it; proficiency 
must be acquired by practical work, patient applica- 
tion, and the stimulus of ingenuity at the drawing- 
board, bench, and lathe. Aided even by the exer- 
cise of these qualifications, only th^y who possess 
natural aptitude and who labor long for success can 
hope to achieve their object and become expert in 
their profession. 

The examples given have been selected from 
many cases of actual practice, have all borne satis- 
factory results, and are therefore considered reliable. 
They are given for the purpose of awakening 
thought and with the desire to encourage independ- 
ent suggestion and inventive power; for this will 
be the surest pathway to a knowledge of the best 
methods of constructing patterns that will satisfy the 
varied requirements of the moulder. 

In a shop employing a large number of workmen 
and doing a great variety of work there will always 
be foimd those who excel in a particular kind of 
work. Some will be more expert in one class and 
others in another. In the giving out of work it 

34 



PATTERN IVORK FOR MOULDING IN LOAM. 35 

is well to consider the efficiency of the workmen in 
this respect, and, as far as possible, to make a judi^ 
cious distribution. 

When giving out a job the foreman should express 
to the workman his opinion as to how the pattern 
should be made and moulded, but he should also 
listen to and consider any suggestion made by the 
workman regarding it. Should the workman desire 
to make the pattern in a different way from that 
suggested by the foreman, and if a result equal in 
efficiency and economy can be thereby accom- 
plished, he should be allowed to proceed in his own 
way, as he will then probably feel a greater interest 
in producing a good result. 

Many good workmen consider it humiliating not 
to be allowed to use their own judgment as to the 
manner in which a piece of work should be done, 
and it is good policy not altogether to disregard 
their opinions tmless they are manifestly at fault, 
but rather through an interchange of opinion arrive 
at a mutual tmderstanding. 

Men should be dealt with as men, and boys as 
boys, and not the reverse, which is sometimes at- 
tempted. 

Loam moulding is resorted to when the article 
wanted is of too large dimensions or is too compli- 
cated in form to be moulded by any other method, or 
when the casting is not likely to be often duplicated. 
It is considered the most intricate, varied, and expen- 
sive method of producing castings, whether of iron, 
brass, or steel. On the other hand, the pattern 
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work for loam moulding, while often very intricate, 
is of the most inexpensive kind. 

Patterns for loam moulding are both of the sim- 
plest and the most complicated kind. The sim- 
plest are for bodies of revolution, or those objects 
which can be formed by revolving a radial section 
of the body about an axis. One of the simplest 
examples is the pattern work for a large plain kettle. 
These comprise a number of sweeps or strikes, in 
some places called strickles. A sweep consists of a 
plain piece of board whose profile is that exposed 
by a plane cutting the body parallel with and pass- 
ing through its axis. 

The first sweep used in constructing a mould for 
a kettle is that marked A, Fig. 7. It is secured to 



vertical axis. 




Pig. 7. 
the spindle, a, which is free to revolve aboutT 
The mould is built up of brickwork. 
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with a thickness of loam intervening between it 1 
and the edge of the sweep, and, when the latter is ] 
revolved, it strikes or dresses the loam off to the : 
form of the sweep. This part of the mould, when 1 
completed, is called the core, and forms the inside , 
of the kettle. 

The next sweep is used to form the thickness of 
the kettle. This is marked B, Fig. 8, and it sui>er- 




sedes sweep A on the spindle. Prepared moulding 
sand, b, is placed around the core and is swept to 
the outside form of the kettle by revolving the 
sweep. This concludes the function of the pattern 
™^k necessary for the job. The moulding is con- 
tinued by building up brickwork, strengthened 
*ith plates, with a thickness of loam intervening 
■Wween it and the moulding-sand thickness. 
When it is of great importance to insure a dense 
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and solid bottom the kettle is moulded in the re- 
verse position, bottom down. This is a somewhat 
more expensive method than the former. When 
moulded the latter way the sweeps are made the 
reverse of those described, and are used in the 
reverse order. 



V. 
PATTERN WORK FOR A CYLINDER. 

Large cylinders, with nozzles such as are used 
in beam engines, are objects well adapted to be 
motilded in loam. They require somewhat more pat- 
tern work than the former example. Fig. 9 repre- 
sents a section of mould for a cylinder of this kind. 

When preparing the pattern work for such a cylin- 
der the first piece required by the moulder is the 
sweep, Fig. 10. This is used to form the seat or 
foundation of the mould. After the seat has been 
swept up and the sweep removed the seat is lined 
off. The segment, Fig. 11, is the next in order, 
^nd is made of board the thickness of the bottom 
flange of the cylinder and having an inside radius 
^qual to that of the outside of the flange. It is set 
^ illustrated, and moulding sand is rammed inside 
of it to form the pattern of the lower flange of the 
cylinder. 

The next piece in order used is the outside or 
cope sweep. Fig. 12. This being secured to the 
spindle, everything is prepared for the building of 
^he outside of the mould. The patterns of the noz- 
zles, Pig. 13^ being prepared, they are set by lines 
^ their proper positions during the building of the 
outside of the mould. The outside flange seen on the 
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nozzle pattern is to form a seat for a covering-plate. 
These plates have holes through them, through 
which the nozzle-cores pass. The outside wall, or 
cope, of the mould being finished as far as the top 
of the upper flange and the sweep. Fig. 12, removed, 
the cope is then removed from the seat, leaving the 
latter intact. 

The main core sweep, Fig. 14, is next attached 
to the spindle, as illustrated. When the cylinder 
is a very long one, it is advisable to make this sweep 
in two pieces, batten them together and apply an 
additional spindle-arm, 6, above the batten. When 
the core has been built up above the joint in the 
sweep, the lower part of the sweep, as well as the 
extra spindle-arm, can be removed and the building 
of the remainder of the core proceeded with. The 
core is extended about one foot above the top flange 
for the purpose of providing for a head to be cast 
on the top of the cylinder to receive the impurities 
of the metal and insure the solidity of the upper 
part of the casting. When the main core is com- 
pleted it is left standing on the seat and dried in 
that position. 

The cope plate, /, is next prepared, and is usually 
3- cast-iron plate, one side of which is provided 
^th prickers. This side is covered with loam and 
swept off with a straight sweep. When dry it is 
inverted and the mould extended on the upper side 
^d made to form the outer wall of the head. The 
mould, when completed, presents an annular open- 
ing at the top, through which the metal is poured 
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and drops to the bottom. Fig. 15 is the core-box 
for the nozzle-cores, and Fig. q represents a section 
of the mould when assembled. 

A column of cast iron 3.84 inches in height and 
of one square inch in area weighs one pound and 
exerts that pressure per square inch on its base 
when in a liquid state. 

Assuming the foregoing cylinder to be 16 feet or 
192 inches in height from the bottom to the head, 
the pressure will consequently be fifty pounds per 
square inch on the bottom of the mould. This 
great pressure has a straining effect on the mould — 
a tendency to separate its walls. If the walls of 
the mould are parallel with each other, that is, 
have a uniform distance between them from top 
to bottom, the casting would probably show a 
greater thickness of metal at the bottom. It is 
advisable, therefore, to set the sweeps to counteract 
this straining of the mould by the metal. 

For a cylinder 10 or 12 feet in height the core 
should be made one eighth of an inch larger in 
diameter at the bottom than at the top. and the 
outer wall one eighth of an inch smaller in diameter 
at the bottom than at the top. The mould would 
then measure one eighth of an inch less between its 
walls at the bottom than at the top, but the thick- 
ness of the casting would most likely be imiform, 
owing to the straining effect of the metal on the 
mould while being filled. For a cylinder of 15 or iS 
feet in height this difference between the walls o£ 
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the mould at the top and the bottom can be increased 
to three sixteenths of an inch. 

The restdt of pressure on the Uquid metal in a 
mould is to increase its density and strength when 
cold. In some instances moulds are arranged to 
receive a pressure in addition to that produced by 
the metal alone, as in the case of the Whitworth 
process of casting steel. Even should the mould 
not be strained to the extent allowed for, the cast- 
ing will be strongest at the bottom, owing to the 
benefit restdting from the greater presstire there. 



VI. 
PATTERN WORK FOR AN ELBOW. 

In constructing loam moulds it is not always 
necessary to have a spindle. Other bodies than, 
bodies of revolution can be swept up in loam when 
the necessary guides are provided for the sweeps. 
Figs. 1 6 to 31 represent a large valve-chamber com- 
bined with a nozzle, or elbow, or bend. Fig. 16 is a 
frame made of |- or i|-inch material. The interior . 
of the frame corresponds with a horizontal section 
of the casting. The size of the opening at each 
end is extended in the frame for the same purpose 
that core-prints are made to form a seat, or support, ] 
as well as a guide for setting the core. The outside 
of the frame is worked off, to be parallel with tha 
inside, for the purpose of forming a guide for tha 
sweeps. Fig. 17 is the pattern for the flange afc 
the valve-chamber end; Fig. 18 that of the end o£ 
the bend; Fig. 19 is the pattern to form the beH 
shape where the diameters change; these ar^ 
shown attached to plate 16. A pattern for thi^ 
part is not absolutely necessary, as it can b^ 
formed by sweeps; but a pattern facilitates tb^ 
moulding; Fig. 20 is the pattern for the branch^ 
or nozzle; Fig. 21 is the sweep to form the outside 
of the mould at the bottom or drag part of tb^ 
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bend, and Fig. 22 that for the inside; Fig. 23 is the 
sweep to form the outside of the mould in the drag 
for the chamber, and Fig. 24 that for the inside; 
Fig. 25 is the sweep for the core-print of the drag 
at the valve-chamber end, and Fig. 26 is the sweep 
for the core on the cope side of the bend ; Fig. 2 7 
is that for the outside of the bend; Fig. 28 is the 
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Fig. 16. 
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Fig. 18. Fig. 19. Fig. 17. 

sweep for the inside, or core, of the chamber on the 
cope side, and Fig. 29 that for the outside ; Fig. 30 
is the sweep for the core-print on the cope side. 
All of the necessary pattern work being prepared 
as described for the construction of the mould, its 
building can be proceeded with. 

A foimdation-plate is first prepared, upon which 
the mould is to be built. The frame, Fig. 16, with 
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the lower or drag parts of the pattern screwed 
thereto is set up on the plate, and brickwork uf 
the usuiil kind fnr loam moulding is built up to the 
frame, Fig. if). While building up the mould the 
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Fig. 26. Fig, 17. 
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proper sweeps are used. The sweep Fig. 21 is 
used to form the outside of the mould by moving it 
around the bend with the sem'^-'Tular part pro- 
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jecting downward and the straight parts resting 
on the frame, while the projection on the end of 
the sweep is kept bearing against the edge of the 
frame. The sweep Fig. 23 is used in a similar 
manner to form the outside of the chamber. The 
sweep Fig. 22 is used like Fig. 21, to form the core- 
seat at the end of the bend. 

The mould for the outside of the casting being 
fmished on the drag side, it is then dried, after 
which a thickness of green sand equal to that of 
the metal is worked aroimd the inside of the mould, 
as shown by dotted lines, the sweeps Figs. 22 and 24 
being used for the purpose in a manner similar to 
that of Figs. 21 and 23. The thickness being com- 
pleted, the core is made on the inside up to the top 
side of the frame. The patterns for the upper or 
cope part of the flanges. Figs. 17 and 18, also that 
for Fig. 19, are placed in their proper positions, 
and the building of the core is continued on the 
cope part of the mould, the sweeps Figs. 26 and 28 
being used to reduce the core to its proper shape. 
After the core is completed, green sand equal in 
thickness to that of the metal is worked around 
the outside of the core, and the sweeps Figs. 27 
and 29 used to reduce it to the form of the outside 
of the casting. The core-print on the cope side at 
the chamber end is formed by the sweep Fig. 30. 
The branch or nozzle, Fig. 20, is now set in its proper 
position on the pattern as formed. The core of 
the nozzle, which is made within the latter, is made 
to connect with the main core. The mould is then 
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completed by the building up the cope half. The 
nozzle is made to be withdrawn from without, and 
a loam plate is made to cover the flange of the nozzle. 
When the mould is disjointed, the impression made 
by the frame, Fig. i6, is filled in. 

Nozzles are made to set at various angles on the 
chamber. In some cases more than one is cast on 
it. It will sometimes be advisable to make the 
nozzle pattern solid, with core-print attached, and 
have a separate core for it. 

Fig. 31 illustrates the mould in part section 
when its building up is completed. 



VII. 

PATTERN WORK FOR STEAM-CYLINDER 

OF MARINE ENGINE. 

The pattern of a large steam-cylinder, with steam- 
and exhaust-passages, when moulded in loam, de- 
mands a greater proportionate amount of detail 
than is required by those described already. The 
pattern work can be made more or less elaborate, 
according to the manner in which the moulder 
desires to proceed in order to construct the mould. 

The following pattern work and method of pro- 
cedure have been applied with successful results in. 
producing satisfactory castings of large cylinders. 

Fig. 32 shows a plain view, Fig. 33 an elevation, 
and Fig. 34 a section of a casting designed for a 
low-pressure cylinder with receiver for a compound 
engine. 

When a loam mould is to be made for such a 
cylmder the pattern-maker is required to prepare 
the necessary pattern work before the moulder can 
proceed with its construction. 

The cylinder is moulded inverted; that is, the 
open end, or that which is upward when it is in the 
^gine, is moulded downwards. 

The first piece required is the seat, or f otmdation 
sweep, Fig. 35. This sweep forms a level surface, 
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Upon which the pattern work is placed ; and it also 
forms the flange facing, against which the cylinder- 
head is bolted. Fig. 36 represents a framework of 
wood. Its exterior is the form of the exterior of 
the casting. It also contains the valve-chest, 
which is the same in form as that represented in 
the sectional view. Fig. 34, except that where the 
openings are shown in the valve-face core-prints are 
placed, as shown by the dotted lines a, a, etc., pro- 
jecting from the valve-face. These core-prints 
are for the purpose of locating and supporting the 
cores for the induction and eduction pas^ges. 
The cylindrical parts can be formed with revolving 
sweeps, secured to a spindle, which method is pre- 
ferred by some moulders; but a framework of wood 
is preferable in cases of this character, as with it there 
is less difficulty in retaining the parts in their proper 
positions. The flanges projecting inward in the 
valve-chest are screwed or put on with draw-pins, 
in order that they may be released and withdrawn 
outwardly. The framework is made in sections and 
screwed together to facilitate its being taken apart 
and withdrawn from the mould. The patterns 
for the exhaust-nozzle b and nozzle c are made 
blank and cored out with special cores inserted 
from the outside of the mould. 

The foundation, or seat, being prepared and lined 
off, the framework is placed upon it and properly 
located. Everything is then prepared for the 
building of the cope, or outer wall of the mould, 
to be proceeded with. The framework has open 
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places, as d, d, etc. When the motdd is being 
built up past these places, a strike, e, is used 
from the inside to shape these parts of the motdd. 
When the exterior of the motdd is completed to the 
top of the upper flange it is struck off by a plain 
sweep fixed at right angles to the spindle. A line 
is drawn across the top of the motdd through the 
center of the cylinder and valve-chest, and another 
line at right angles to the former and through the 
axis is also scribed on the top of the mould. These 
lines are for the purpose of locating the position of 
the covering-plate of the motdd. When the exterior 
of the motdd, which has been made in sections, is 
sufficiently dry to handle, it is removed from the 
seat, leaving the latter intact. 

The framework is then removed from the seat, 
after which the main-core sweep. Fig. 37, is se- 
cured to the spindle and the main core built up on 
the seat, where it is dried and dressed and remains 
tmdisturbed. A core-seat is formed in the upper 
part of the main core, into which a core is set to 
core out the hole in the head of the cylinder for the 
plug which contains the stuffing-box for the piston- 
rod. Previous to setting the core the main core is 
filled with sand, as a precaution against accident, 
the metal being liable to make its way into the inte- 
rior of the core during the filling of the mould. 

The cover of the mould, or cope-plate as it is 
sometimes called, is made to form the head of the 
cylinder. It is a plate provided with prickers, and 
is specially cast for the purpose. When preparing 
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the mould upon it it is inverted, as shown in Fig: 
39, and a spindle is erected at its center. The 
sweep Fig. 38 is secured to the spindle, and a sur- 
face conforming to the shape of the top of the ribs and 
fiange of the cylinder-head is swept up. The parts 
of the casting which project beyond this surface, 
such as the flange of the stufRng-box for the valve- 
stem and the brackets by which the cylinder is 
secured to the housing, are represented by patterns 
which are accurately located and bedded into the 
loam during the sweeping up of this surface by the 
sweep Fig. 38. The patterns for the nozzle for the 
stuffing-box plug and the radiating ribs being pre- 
pared, they are properly placed upon the surface 
last swept up, and another sweep. Fig. 40, is employed 
to sweep off the top of the cores. The ribs for the 
cylinder-head, with the sweep Fig. 40, are shown 
apart from the plate at Fig. 41. When the mould 
on the plate is finished it is marked with lines at 
right angles to each other to correspond with those 
scribed on the top of the exterior of the mould. The 
covering-plate is set on the motdd by these lines. 

The core to form the receiver, or that part of the 
casting between its inner and outer walls, in some 
cases is the tisual brickwork of loam moulds; in 
other cases a series of cores made in a box and joined 
together to form the required part are used. This 
latter method is preferable, as it possesses the merit 
of being much more easily cleaned out of the cast- 
ing, although greater care is required in preparing 
the vents. 
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At Fig. 42 are shown three views of a core-box 
for receiver cores. The cylinder herein described 
will reqiiire eight of these cores, two in height and 
tw^o around each side. The box is made a segment 
of ninety degrees, but the cores complete will not 
extend so far. They are made the required size 
and shape to fit the mould by placing stopping-off 
pieces in the ends of the box. / shows such a piece 
for stopping off the cores. Where the exhaust 
emerges it requires two of these pieces, one right- 
and one left-hand. Two more of the proper form, 
right and left, are required to stop off the cores which 
go to the open side opposite the valve-chest. Fig. 
43 represents the box in which the core for the 
exhaust-passage is made. Three views are shown — 
plan, elevation, and section. The box is made to 
be taken apart. 

Fig. 44 shows the box in which the cores for the 
steam-passages are made. These passages are of 
the double-ported variety. Three views of these 
are shown — ^plan, elevation, and section. Fig. 45 
represents the core-box for coring out the cylinder- 
head nozzle, into which is fitted the plug containing 
the stufl&ng-box for the piston-rod. 



PATTERN WORK FOR A PEDESTAL. 

Occasionally a large casting of some kind is called 
for, a duplicate of which is never likely to be re- 
quired. To make in the usual way a pattern for 
such a casting would consume considerable time, 
which might cause delay as well as involve unneces- 
sary expense.. In such cases, therefore, recourse is 
had to temporary expedients. Fig, 46 shows such 
a casting in the form of a tapered pedestal, whose 
length and comparatively small diameter are such 
as to make it inadvisable to sweep it up vertically, 
after the manner of making a cylinder mould, or to 
incur the expense of constructing a pattern of the 
usual kind. It being decided to cast the pedestal 
in a horizontal position, a barrel, upon which the core 
is made, is the first piece required. The pattern of 
the core-barrel wUI be formed by strikes, or sweeps, 
guided by proper templet, the skill of the moulder 
being called in to form the pattern after the pattern- 
maker has provided the necessary appliances. Fig. 
47 illustrates a section of the mould and pattern for 
the core-barrel. An iron flask is first constructed 
which, when very long, as in the present case, is made 
in two pieces. The usual brickwork of loam moulds 
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is btiilt inside the flask, and the guide a is set at 
one end of the drag, the guide / at the opposite end, 
and guide c midway between the two. When thus 
arranged, their circles are such that when a straight- 
edge is moved aroimd the inside, the required imi- 
form taper will be produced. The middle guide is 
not absolutely essential, but with it the strike need 
be only one half the length of the mould, thus being 
more conveniently handled, h is the sweep for 
forming the lower or drag half of the mould, and 
being half the length of the latter, it is used alter- 
nately at each end. The recess in the mould formed 
by the offset on the. sweep h represents the thickness 
of the casting. When the mould is sufficiently dry 
this recess is filled in with green sand, and a straight- 
edge moved aroimd the guides reduces it to the 
proper thickness. This last operation completes 
the lower half of the mould and pattern. The core 
is next made on the inside of the mould up to the 
joint. The guide b having been set in a, and g in /, 
these determine the diameter of the upper half of 
the core. The half -collar d is set midway between 
the other two for the convenience of a guide for the 
sweep, which is a straight-edge, of half the length 
of the mould. When the core is formed the collar d 
is removed and its impression in the core filled in. 
The core being sufficiently dry, the half-collar d is 
set midway of its length, and green sand is placed 
arotind the core; the sweep i is then used to reduce 
the sand to the thickness of the intended metal. 
This completes the core and pattern for the upper 
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Ope half of the mould. The mould is then corn- 
ed in the usual manner. The illustration shows 
various guides and sweeps for the core in the 
;ive positions which they occupy in the mould, 
separated from it. 

hen the mould is taken apart and the core 
1 out, the thickness of green sand is removed, 
the mould and core are then finished in the 
1 manner. Numerous small cores, the same 
;h as the thickness of metal, are fixed around 
Tioiald for the purpose of casting holes in the 
barrel. The core-barrel k, being cast, is mounted 
een bearings, as illustrated at Fig. 48. The core 
ide in the usual manner by winding the barrel 
rope made of hay, then coating this with loam, /, 
reducing the loam to the required size and 
3 by revolving the core while in contact with 
iide of the sweep n, which is so set as to obtain 
jroper diameter of the core, 
len the core is sufficiently dry, which is accom- 
iA by building a fire imder it while it remains 
e bearings, a second coat, m, of specially pre- 
1 loam is laid on and brought to the required 
ness, which is equal to that of the metal, by 
ving the core, while the reverse edge of the 
-> n is fixed so as to reduce the loam to the re- 
d diameter. This being accomplished, the 
d coat forms the pattern for the body of the 
ital. When this outer coat is dry and dressed 
ready to receive the top and bottom flanges. 
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Fig. 49, ribs, bosses, and whatever else is necessary 
to complete the pattern. 

These parts are made of wood, and are fitted to 
the pattern formed for the body of the pedestal, 
the flanges parting through their center and the 
bosses arranged so that they can be drawn in through 
the vacancy left by withdrawing the flanges. 

The pedestal pattern is supported in a horizontal 
position when it is being made, the supports being 
under the gudgeons which project from the ends of 
the core-barrel. The mould is constructed of 
brickwork in the usual manner of constructing 
loam moulds. When the mould has been com- 
pleted and taken apart the coating of loam repre- 
senting the thickness of metal is removed from the 
core and the latter dressed. After the mould has 
received like treatment it is reassembled. 



IX. 

PATTERN WORK FOR SCREW PROPELLERS 
WHEN SWEPT UP IN LOAM. 

One of the most interesting objects swept up in 
loam, and which to be successful requires considera- 
ble skill and experience on the part of the pattern- 
maker and moulder, is a large screw propeller cast 
entire. 

Figs. 50 to 56, inclusive, show the preparations 
necessary to be made by the pattern-maker when 
the mould of a large screw propeller is intended to 
be swept up in loam. 

Fig. 50 represents the guide, or directrix, upon 
which the blade-face, sweep, or generatrix travels 
to produce * the helicoidal surface. The guide is 
usually set six inches beyond the periphery of the 
hlade, to allow for the joint of the mould. 

At one time guides were made of plate-iron cut to 
the proper angle and secured to a base of wood after 
heing bent to the required curvature. The term 
guide-iron*' was derived from this method of mak- 
^g them. A guide made entirely of wood is, how- 
ever, preferable. 

Pig. 51 illustrates how the curvature of the guide 

^ay be obtained. An arc of a circle of the radius 

of the position of guide from the axis is described 
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for the base. The degrees of the arc shotild be 
somewhat greater than the angle occupied by the 
blade when it is viewed parallel with the axis, in 
order to allow for a joint at both the top and bottom 
edges of the blades. The arc is divided into any 
number of equal parts, as a, 6, and c. The length 
of the inclined rail is obtained by laying down its 
angle with one end intersecting one extremity of 
the base line, and the other end intersecting a per- 
pendicular from the other extremity of the base. 
The length of the rail is divided into the same num- 
ber of equal parts as the base and ordinates of like 
letters made equal in length. A curve drawn 
through the extremities of the ordinates will be the 
elliptic arc, to which the rail is to be worked. In 
constructing the guide, the rail is left sufficiently 
wide to allow for finishing the top edge, which is the 
last work done on it. To lay off the guide a line is 
described parallel with the base and- about four 
inches from the bottom, which is to allow for a joint 
in the mould. The length of this line, or arc, will 
be that intersecting radial lines which are tangent 
to the edges of the blade when it is viewed parallel 
with the axis. The arc is divided into equal parts, 
and it is advisable to have one of the intersections 
in the center, to be used as a center line. Per- 
penfliculars are erected from the intersections, and 
length of the ordinates for the angle of the gtiide 
off on them. A thin strip, or batten, is then 
1 on the inside of the rail, intersecting the 
ties of these ordinates. A line drawn along 
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the top of the batten on the rail will be the guide 
line. The rail is to be worked off to this line, a try- 
square, with the stock held vertically, being used to 
gauge the shape of the edge. 

For a screw of uniform pitch the guide hne 
developed on a plane is a straight line. For a 
screw of expanding or increasing pitch the line 
developed is a curve, the ordinates for which should 
always be given on the drawing. 

Fig. 52 is a thickness piece representing a section 
of the blade at the first division from the hub, and 
^^g- 53 represents a similar section, the first divi- 
sion from the periphery. These should be made of 
pine board about three fourths of an inch thick, and 
are curf ed with a saw for about three fourths of their 
thickness. The curfs are made parallel with the 
axis of the screw, and the distance between them 
should be such as to permit the thickness pieces 
being bent to the line marked for them on the pier 
by the notches in the blade-face sweep. The thick- 
ness pieces are secured to the piers with nails. 

Fig. 54 is the sweep for the foimdation, or seat; 
Fig. 55, that for the hub; and Fig. 56, the sweep for 
the generatrbc, or face of the blades. Sweep Fig. 56 
IS made of plain board about i^ inches thick. The 
generatrix, or working edge of the sweep, is made of 
various shapes, according to the ideas of the de- 
signer. In the present case it is a right line per- 
pendicular to the axis of the screw. The distance 
between the hub and the periphery is divided into 
as many parts as there are thickness pieces to be 
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used. At each division on the sweep a small notch 
is cut in the working edge; these notches leave a 
marked line on the face of the pier, by which the 
thickness pieces are set. 

The sweep Fig. 54 forms an elevation, or seat, 
on which the hub rests, and also a depression at 
the outer end, on which the guide sets. After the 
seat has been dried it is lined off according to the 
number of blades required. The sweep Fig. 55 
forms the pattern for the hub, which is usually 
built of brickwork and covered with loam, and 
shaped by revolving the sweep around it. The 
guide is next set in its proper position, and weighted 
to prevent its moving. The sweep Fig. 56, for the 
face of the pier on which the blade pattern is built, 
is now placed on the spindle and cotmterpoised, as 
illustrated at Fig. 60, to permit of its free move- 
ment up and down the spindle. The arrangements 
are now complete for the building of the pier to be 
commenced. 

It is necessary that the sweep Fig. 56 should 

move by the hub to a small distance below the 

lower edge of the blade. The sweep is thus left 

at this part without support, and it will invariably 

spring and finally cause the face of the pier to become 

somewhat distorted near the hub. To remedy this 

it was the practice of the writer to provide guides 

at the hub as well as at the periphery. These are 

1 at Fig. 57. If the screw is a small one, a 

'0, with the guide cut in it, may be used and 

nd for the several blades. If the screw 
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is a large one, a framework of wood, having as 
many cylindrical faces as there are blades, is pro- 
vided. It is made somewhat less in diameter than 
the least diameter of the hub. A curfed strip is 
nailed on each of the cylindrical faces at the reqtiired 
angle according to the radius adopted, and these 
form the guides for the inner end of the sweep Fig. 
56. When this arrangement is used nails are 
driven into the cylindrical faces, to hold the loam 
with which it is covered ; it is reduced to size and 
shape 'by a hub sweep. When sufficiently dry the 
loam is cut away to expose the guides. 

Fig. 58 shows the seat completed; Fig. 59, the 
hub swept up and the guide set. Fig. 60 illustrates 
two piers completed and one in course of building. 
At Pig. 61, a illustrates one pier as lined off with 
the thickness pieces in position. Another pier, 6, 
IS shown with the pattern of the blade formed by 
filling in sand between the thickness pieces and 
dressing it off to the shape of the blade. The 
other pier, c, shows the cope, or upper part of the 
^ould, which covers the blade completed upon it. 
-After the copes are all completed the mould is 
taken apart and stripped of the patterns of the hub 
^d blades. 

When a sweep at one end follows the axis and 
^he other end the guide, the pitch will be uniform 
radially. It is sometimes desired to have the pitch 
variable in a radial direction, or a less pitch at the 
axis than at the periphery. In such a ^^«^ '*"he 
sweep is required to travel with a lower « 
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ity at the hub than at the periphery. At Fig. 6J 
a device is shown by which this can be accomplished, 
The proper guides are provided at the hub and 
periphery. Two arms, each having a hole in its end, 
are secured to a spindle, which is free to turn mth 
the arms. A rod is made to slide freely up and 
down through the holes in the arms. The sweep 
is pivoted to the lower end of the rod, and its ends 
made to bear on the two guides. The height of the 
blade at the hub and at the periphery being deter- 
mined, with a proper allowance for the guide being 
beyond the periphery of the blade, the distance on 
each guide is divided into the same number of equal 
parts, Consequently the vertical distance of ^ 
space on the hub guide will be less than one on the 
peripheral guide. The sweep is then made to travel 
through a space on the hub guide and a space o^ 
the pcri]iheral guide in the same time. The otbe*" 
arrangements necessary to complete the moul" 
are similar to those previously described. 

The foregoing is descriptive of the method ^ 
preparing moulds for propellers where the thic^*"" 
ness of the blade is all on one side of a radial lin^' 
In some cases the thickness is given on both sid^^ 
of a radial line equally, similar to a V thread; i^ 
other cases the thiclaiess is unequally divided by 
such a line. 

When the thickness of the blade is all on one sid^ 
of a radial line, the generatrix is the line exposed 
by a plane cutting the screw parallel with and pass- 
ing through the axis. The plane of the sweep 
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must lie in the same plane as that cutting t 
screw. 

It is possible to generate the face of a screw X 
the line exposed by a plane cutting the screw per- 
pendicularly to the axis, the sweep lying in th^ 
same plane; but the vertical plane for the sweep 
is preferable. 

\A'hen the thickness of the blade is divided by 3- 
radial line, the generatrix is the line exposed by3- 
plane cutting the screw parallel with but passing 
outside of the axis, the degree of obliqmty depend- 
ing on the way in which the thickness is divided. 

\\'hen tlie generating Hne is not a right line per- 
pendicular to the axis of the screw, but a line of 
unusual form, occupying some peculiar position 
with reference to the axis of the screw, it becomes 
quite a difficult problem to work out the line on 
paper. The writer has found it convenient to work 
this out, as well as many other tedious problems, 
to a scale on -white-pine blocks, and then develop 
the line from the one resisting. 

What is meant by the thickness being on one 
side of a radial line is shown by Fig. 63, where the 
thicknesses are exaggerated. Fig. 63 is a plan 
view, and a a section, of such a blade. Fig. 64 is a 
plan view of a blade where the thickness is on both 
sides of a radial line, the face of the blade being flat 
or straight; b is the section of the blade. Fig. 65 
is a plan view of a blade where the thickness is also 
on both sides of a radial Hne, but the face and back 
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of the blade are convex alike ; c is a section of the 
blade. 

When the thickness of the blade is on both sides 
of a radial Une and the face of the blade is flat, as 
shown at Figs. 63 and 64, either of the devices shown 
for sweeping up propellers can be employed, pro- 
vided the pitch is uniform radially; but when the 
section of the blade is like that of Fig. 65, or when the 
pitch is not uniform radially, the device shown at Fig. 
62 is alone applicable. With this device the sweep 
is fixed at right angles to the rod when the pitch is 
uniform radially, and pivoted thereto when the 
pitch is not uniform. When the latter device is 
used, and the face of the blade is convex, the gui'de 
at the hub is so shaped as to produce the required 
convexity. 

Figs. 66 to 69 show a working drawing of a 
two-bladed screw propeller. The arcs a, 6, c, d 
on the plan view are intended to represent sections 
of the blade at these points. These arcs are devel- 
oped into straight lines as shown, and are then 
projected to furnish the basis of the angles A, B, C, 
and D. The length of the blade measured axially 
being determined, it is laid off at one end of these 
base lines and perpendicular to them, the triangles 
being completed by a hypotenuse drawn between 
the extremities of each of the base and perpendic- 
dar lines. This hypotenuse is the length of the 
section of the blade developed. The greatest thick- 
ness of the blade at each of these sections being 
determined, it is laid off in the center of the hypote- 
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nuse, and an arc of a circle described through the 
extremity of this thickness dimension and tangent 
to arcs of one-half inch radius at the ends of the 
hypotenuse incloses the developed area of the 
section of the blade it represents. 

These sections furnish the forms and dimen- 
sions of the thickness pieces. These are made of 
pine board about three fourths of an inch thick. 
Fig. 66 shows a thickness piece which has been 
curfed with a saw, in order that it may be bent to 
the required curvature, the curfs being made par- 
allel with the axis of the screw. Fig. 67 shows the 
angle of the guide, whose base is also the length 
of its arc developed. 

The full hypotenuse line, which is a straight 
one, is the developed guide line for a true screw, 
and the dotted line is the guide for a screw of ex- 
panding pitch. Fig. 68 is a side elevation of the 
screw, and Fig. 69 is a scale of thickness through 
the thickest part of the blade. The sections repre- 
sented should always be given on a working draw- 
ing. 

When the screw is of expanding pitch, the lengths 
of at least five ordinates for the curvature of the 
guide line should be given. 



X. 

PATTERN WORK FOR RIFLE-PROJECTILES. 

Dry-sand moulding is adopted chiefly for large 
and intricate castings reqtdring solidity and accu- 
racy of form. It is a somewhat less expensive 
method of producing castings than by moulding 
in loam, especially when the castings are to be 
duplicated. Dry-sand moulds are made of spe- 
cially prepared sand, and are dried in an oven or 
a heated room; consequently metallic flasks be- 
come necessary. 

Patterns designed for moulding in dry sand do 
not materially differ from those intended for green 
sand. In some cases, however, they can be formed 
of fewer pieces, as cores and drawbacks are fre- 
quently made in the mould of the same material as 
the mould itself, and to better advantage than if 
made in separate boxes. 

Projectiles designed to carry explosives must be 
free from porosity to avoid the liability of the 
charge they contain becoming ignited by the firing 
of the gun, with the result of a premature explo- 
sion of the shell. When such projectiles are made 
c' iron every precaution is taken to secure 

I. accurate castings. The location of the 
■nee to the exterior of a rifle-shell is 
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very important. Should there be eccentricity of 
the interior with the exterior, the flight of the pn>- 
jectjle is effected and the accuracy of aim is 
destroyed. 

Figs. 70 and 71 show a 13-inch rifle-shell. Fig. 70 
is the pattern and FJg. 7 1 the core-box. The pattern 
is made solid, preferably of baywood. When large, 
as in the present case, two- or three-inch liamber is 
glued up until the desired size is obtained. A bar 
of li-inch round iron, provided w-ith a collar, is 
fitted through the center of the block and screwed 
lialf-way into a nut let into one end of the block, and 
the collar on the bar is let into the opposite end o£ 
the block. The remainder of the thread in the nut 
is for the double purpose of securing an eye-bolt 
when the pattern is to be withdrawn from the 
Would, and also to seeing a center when the block 
is to be placed in the lathe. The end of the bar 
projecting outside the pattern contains a center, 
and the pattern is swung between those centers 
''I'hile being turned. The projecting bar, or center 
pin, is also turned so as to be concentric with the 
pattern. The pattern which is shown in the flask, 
''■ith the position of the core dotted, is moulded in 
the position shown, and the draft or taper is toward 
the point of the shell. A cylindrical projection is 
made at the point of the shell to provide a sinking 
head. 

The core-box is made in sections as illustrated, 
segments of baywood being glued and nailed in 
lie usual manner to form them. The sections are 
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made to match by turning a projection on one end 
of a section and a corresponding recess on the end 
of the adjoining section. The core being tapered 
allows the sections to be drawn from the core in an 
axial direction. 

The first or lower section of the core-box is fitted 
with a sleeve, which is for the purpose of holding 
the vent-tube concentric with the core. The vent- 
tube performs two functions, that of carrying off 
the gases from the core, and supporting the core in 
position in the mould. That part of the vent-tube 
covered by the core is perforated with numerous 
holes, and small pine sticks are placed in these 
holes to assist in venting the core as well as to help 
secure it to the tube. The shells are moulded in 
a vertical position in special brass flasks, made in 
sections to facilitate ramming up. The first section 
of the flask has a cross-bar with a boss in the center 
of the flask; a hole through this boss corresponds 
with the diameter of the bar projecting from the 
pattern, also with that of the vent-tube projecting 
from the core. By this means, when the vent-tube 
is secured in the hole, the core is brought concentric 
with the mould. The core is set while the mould 
remains as when the pattern was drawn. After 
the core is set the mould is inverted and the shell 
cast with its point uppermost. 



XI. 



PATTERN FOR LAUNCH-ENGINE. 

Figs. 72-86 represent the pattern for an 8?^ 

launch-engine. The cylinder, valve-chest, frarf**' 
and bed-plate are combined in one casting. 

Fig. 72 shows a plan. Fig. 73 a front elevatioJ^' 
and Fig. 74 a side elevation of the pattern. Fig. f S 
shows a section of the cylinder through the steair*-'' 
and exhaust-passages. The pattern is arrangec^ 
for moulding with the valve-cheet down, or in th^ 
drag, and is made to part through the axis of th^ 
cylinder. 

In making the pattern of the cylinder it is pref- 
erable to use well-seasoned lumber of thickness 
sufficient to allow of its being turned to the required 
dimensions without the gluing together of several 
pieces. To do this, lumber some five inches thick 
is required. In turning the cylinder, scores of about 
one quarter inch deep are made where the flanges 
are located; the latter are sawed out and fitted 
into these scores, being there glued and nailed and 
finished with the remainder of the cylinder. 

The open or top end of the cylinder has a core- 
print ttimed there. In length it is about equal to 
that part of the core which enters the cylinder in 
order to obtain sufficient support for the core, 
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little can be had from the opposite or stuffing-box 
end, in consequence of the small diameter of the 
core there. 

The lower end of the cylinder has a cavity or 
recess turned in it, into which the pattern of the 
stuffing-box is fitted. The stuffing-box with its 
attached core-print, like the body of the cylinder, 
is made in halves and attached to the latter by 
dovetails in such a manner that it can be lifted out 
with the main core without affecting the cylinder. 

The main core is that which is formed below the 
cylinder and between the framing or housing and 
bed-plate. As commonly said, the pattern leaves 
its own core in that part. 

The bed-plate is made by framing together four 
pieces of the required thickness, of width sufficient 
to allow the plate to be reduced to the required 
shape. After the plate is worked to shape and 
lined off, the bearings for the shaft are added, and 
also the ribs or flanges which project below the 
plate. It is then sawed through the center of the 
bearings with a thin saw and the two halves dowelled 
to make it part in the same plane as that of the 
cylinder. 

The framing consists of conical-shaped frames, 
placed opposite each other, and which connect the 
bed-plate with the cylinder. Each is made in two 
pieces which part in the same plane as that of the 
cylinder and bed-plate, viz., on the Ime ab. In 
fitting the framing to connect the cylinder with the 
bed-plate, a surface board is first prepared and 
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lined off. The dowel or drag halves of the cylinder 
and bed-plate are secured to this board in their 
correct relative positions. 

The drag halves of the frames are let into the 
cylinder about one and a half inches and secured 
there with glue and screws. At the opposite ends 
the frames are fitted against the bed-plate and 
glued to it; screws are a:lso driven from the tmder 
side of the bed-plate into the ends of the frame. A 
large fillet is glued and nailed around the frame 
and to the bed-plate, and this aids materially in 
making the pattern more rigid at that part. 

The drag halves of the cylinder and bed-plate 
being secured to the framing, the pattern is released 
from the board and turned over; the cope halves 
of the cylinder and bed-plate are placed upon their 
drag halves, the cope framing being secured to them 
in a similar manner to that adopted with the drag. 

The valve-chest is fitted and secured to the drag 
half of the cylinder, the flange is fitted to the chest 
with steady-pins, but separates from it in the 
mould where a parting is made to enable the flange 
to be withdrawn. 

Figs. 76 and 7.7, respectively, show an end view 
and an elevation of one half of the core-box for the 
cylinder. 

Figs. 78 and 79 show a plan and a section of the 
core-box for the valve-chest. 

Figs. 80, 81, and 82 show a plan, a section, and 
an end elevation of the core-box for the steam- 
passages. 
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Figs. 83, 84, 85, and 86 show a plan, an end eleva- 
tion, and a longitudinal and transverse section of 
the core-box for the exhaust-passage. 

In moulding the pattern, which is done in an 
iron flask, the drag part is laid upon a follow-board, 
and a box representing one half the main core is 
put between the frame to form the parting there. 
The mould is rammed up to the face of the valve- 
chest flange, a core is placed over the flange to cover 
it, and the mould is then continued until it sur- 
rotmds the core. The latter is then removed and 
the pattern of the flange taken out, after which the 
core is replaced and the ramming of the drag com- 
pleted. The flask being turned over, the box repre- 
senting the main core is removed and a lifting-plate 
for the core is placed in the bottom of the space it 
formerly occupied. The main core is built upon 
the plate up to the parting. The cope half of the 
pattern is now placed in position and the main 
core is continued to completion. The cope of the 
mould is next completed and removed with the 
cope part of the pattern, leaving the stuffing-box 
in the main core. The latter is now lifted out and 
the stuffing-box removed from it. The main core 
being out of the way, the drag half of the pattern is 
withdrawn from the mould. 

More than one hundred castings have been made 

om a single pattern of baywood as thus described. 



XII. 

PATTERNS OF DECK-LUG FOR DRY-SAND 

MOULDING. 

In constructing large patterns to be motdded in 
dry sand it is frequently advantageous to arrange 
them for moulding somewhat after the manner of 
constructing loam moulds ; that is, to permit of the 
^ould being made in sections which can be lifted 
away from the seat or fotmdation of the mould. 
The main core can then be made and finished on 
the seat and be allowed to remain there. The 
sides of the mould, which are sometimes called 
cheeks, are assembled around the core. This plan 
obviates handling the core, which may be large or 
of such a shape as to make the safe handling of it 
very diffictdt. 

Figs. 87-94 represent such an object, which is 
a deck-lug for a gun-motmt. Three views of the 
castmg are given — ^aplan (Fig. 87), a side (Fig. 88), 
and an end elevation (Fig. 89). 

The pattern is moulded with the bearing down- 
ward. The ribs, flanges, and other parts pro- 
jecting from the sides are arranged to be removed 
with the cheeks. Fig. 88 also answers for the side 
view of the pattern when completed. The dotted 
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DECK-LUG FOR DRY-SAND MOULDING. 8S 

liixes outside the inclined ends represent the core- 
TPrixits for the main core. The pattern separates 
ox- parts on the line ab. 

In constructing the pattern a number of frames 
^rtiade of 2 -inch lumber are first provided. These 
frames should be about -if inches less all rotmd 
than the section of the pattern where the frames 
B.re located. The frames are set up and properly- 
arranged according to the position they are to occupy 
'^^ the pattern; they are then covered with boards 
^ little in excess of i| inches thick; these are se- 
^"Ured to the frames with screws and glue, the holes 
for the screw-heads being counterbored and plugged 
^fter the screws are in. 

When the box so formed is dressed down to the 
Pi^oper dimensions it forms the body of the pattern 
^pon which the outside ribs, bosses, flanges, and other 
Projecting parts are secured. This is done with 
^aw-pins, screws being also used to insure the 
P^rts against shifting until the pattern is set up 
f^r moulding. The draw-pins are removed as the 
^ould is being btiilt up. 

Shallow core-prints are fitted to the two inclined 
^i-des of the pattern for the purpose of locating the 
^Ore-box when placed upon the seat of the mould. 
The upper or cope part of the pattern, e, is con- 
structed in a manner similar to that described in 
the foregoing. 

Three views are given of the main core-box. Fig. 
90 being a longitudinal section. The plan, Fig. 91, 
not being correct to scale in width, is shown broken 
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through the middle. Fig. 92 represents ; 
cross-section of the box. 

The main core-box is constructed by first pre- 
paring a bottom board, which is secured to frames 
ha\-ing the angles of the pattern where the core- 
prints are located. The sides and ends of the core- 
bos are erected upon the bottom and are screwed 
together so that they can either be taken apart o^ 
removed from the bottom without being take^ 
apart. 

The bottom board of the main core-box is n(7* 
essential, absolutely, when the core is made in th^ 
place it is to occupy in the mould, as here intended - 
But by ha\'ing it the box is better retained in shape jr 
and, if so desired, the core can be made and set ir»- 
the mould afterwards, as commonly done. 

Fig. 93 shows the box for the trunnion-bearing" 
cores, and Fig. 94 t!ie box in which the cores are 
made for the cope part of the pattern. These are 
plain boxes and require no further description. 

In moulding the pattern there is first prepared a 
seat or foundation corresponding in shape to the 
part of the pattern where the core-prints are located, 
and the pattern is placed upon this seat. The 
sides or cheeks of the mould are then built up and 
arranged to be lifted away from the mould without 
affecting the seat. The ribs, flanges, etc., on the 
sides of the pattern are lifted away with the cheeks, 
the pins and screws which secured them to the 
sides of the pattern having been withdrawn when 
the cheeks were being built up. The cope, or cover, 
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3f the mould is also completed before the mould is 
taken apart. 

After the cheeks are removed the main core-box 
IS lifted from its bottom and placed upon the seat 
of the mould, according to the position marked by 
the core-prints; the core is then completed and 
allowed to remain on the seat. When the mould is 
being assembled the rectangular cores are sup- 
ported on chaplets placed upon the main core. 



XIII. 

PATTERN WORK FOR WATER-COLLAR. 

Figs. 95-104 represent a water-collar and the 
pattern work for it. 

Water-collars are used in connection with the gun- 
turrets of war-ships, and consist of two principal 
parts; one of these is fixed and the other revolves 
with the turret. Water, under pressure, passes 
into the collar through a branch in the outer mem- 
ber, thence to a central passage in the inner member; 
and through it to the motors in the turret. The 
exhaust-water retiuns by another pipe, through 
an annular passage in the inner member, and thence 
through an outlet branch in the outer member. 
These castings ar^ quite intricate; their patterns 
are interesting examples of pattern work, and con- 
siderable skill is required in their construction. 

Fig- 95 shows a side elevation and Fig. 96 a 
section of the device when assembled. The glands 
used for making the collar water-tight being ordi- 
nary glands, they are omitted. 

Fig. 97 shows a plan and Fig. 98 a side elevation 

of the pattern for the inner member; it is made in 

halves, the pattern parting on the line ab. The 

■prints c, d form bearings to support the central 

xnd the prints e, /, bearings for supporting the 

^ore. Fig. 99 shows one half the box in 

>al core is made. The anntilar core 
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is made in halves. Fig. 100 shows a plan and sec- 
tion of the box in which the half-cores are made. 
These cores cut through the outside of the casting 
at g, /t, where prints are located on the pattern to 
assist in supporting them in the mould, as well as to 
aid the venting. The holes so made are plugged in 
finishing the casting. 

In making the box for the annular core a bottom 
board of sufficient size, and which should be battened 
to prevent warping, is first prepared. Upon this 
board is fitted the body y, representing the outside 
of the metal inclosing the central passage. Two 
pieces, one right- and one left-hand, shown by dotted 
lines, are made for the upper end of this part where 
the bend is located. By interchanging these pieces 
both halves of the core can be made from the same 
box. To form the outside of the core, two pieces, x, 
one right- and one left-hand, are worked out on the 
inside to the outside form of the core over the bend ; 
an opening, e, is cut through one side of the pieces 
to form the outlet opening in the side of the casting, 
where the core-print, e, is located. By interchang- 
ing these pieces to correspond with the bend the 
opening is made to match when the halves of the 
core are set in the mould. Fitted to the opposite 
end of the box is a piece, n, worked out to foi?m that 
part of the core which lays in the impression made 
by the print /. The strike, i, is for the purpose of 
shaping the part of the core between the two end 
pieces. 

After this part of the core is struck off, the piece k^ 
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which has dowel-pins to fit holes provided to locate 
its position on the board, is placed over the core 
and the small branches g and h are added to the 
main part by extending the core throtigh the hole 
in piece k. The square hole or socket in the upper 
end of the casting is formed by an ordinary square 
core. 

Fig. loi shows a side elevation and Fig. 102 an 
end elevation of the pattern for the outer member, 
which has two supporting brackets attached. The 
pattern is in halves, and is made to part on the line 
/m. The spandrel between the brackets is formed 
by two similar cores, one of which is secured in the 
drag, and the other in the cope part of the mould. 
The core-prints o, p form the bearings for support- 
ing these cores, which contain a bearing for the upper 
end of the interior core. When the mould is closed 
the cores meet at the joint of the mould. One ele- 
vation, r, and two sections, 5 and /, of the box in 
which these cores are made are also shown. 

Fig. 103 shows an end elevation of the box in 
which the interior core is made. 

Fig. 104 shows one half the box viewed from the 
mterior. The box is btiilt up of several pieces, as 
the illustration indicates; this facilitates working 
out the different diameters contained in the box. 

ter being worked out the several pieces are assem- 
1 and secured together. 
°^' core is supported in the mould by the bear- 
* by the core-prints u, v, and w, and by the 
^iores between the brackets. 



XIV. 

PATTERN WORK FOR HIGH-PRESSURE 
CYLINDER FOR MARINE ENGINE. 

Figs. 105-117 represent a more intricate casting 
made in a dry-sand mould. It shows the high- 
pressure cylinder of a compound engine having a 
valve-chest and a receiver combined with the cyUn- 
der. Fig. 105 is a half plan and half cross-section 
and Fig. 106 is a vertical section through the axes 
of the cylinder and valve-chest. 

Prior to commencing the construction of such a 
pattern its position and the method of moulding 
must be decided. Having chosen a horizontal 
position, the pattern will be made to part or separate 
through the axes of the cylinder and valve-chest on 
the line ab. 

Four frames of 2 -inch Itimber are prepared. 
These frames extend beyond the cylinder proper, or 
casting, and the core-print for the receiver core is 
formed on this extension. Each frame is made in 
two pieces, the joint nmning through the axes of 
the cylinder and valve-chest. The contour of each 
frame is less by about ij inches than the exterior 
of the finished pattern. The finished exterior is 
illustrated in Fig. 107. 

A frame is placed at each end of the pattern, the 
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other two being set intermediate and equidistant 
between the end ones, as shown at Fig. io8. The 
frames are covered on their outer edges with staves 
nmning parallel with the axis of the cylinder, as 
shown in Fig. 109. The staves are nmde of 2 -inch 
lumber, and are secured to the frames with screws 
and glue. After dressing the ends of the staves 
fair with the frames, the pattern is lined off, and 
finished to this line by removing the surplus material 
with planes. The screws having been countersunk, 
to avoid coming in contact with the tools, the screw- 
holes are filled by plugs. 

The lower head of the cylinder is cast in ; that is, 
it is made a part of the casting. To form this head 
in the mould a piece is built up of segments, and 
turned to the required shape and dimensions. The 
frame at the proper end of the cylinder is cut away 
sufficiently to allow the insertion of the turned 
piece, which is secured to the pattern, as shown in 
Fig. 108, where is also shown a section of the pattern 
through the axes of the cylinder and valve-chest. 
The i)iece forming the nozzle with core-print at- 
tached is fitted to the head, and is made to lift out 
of it when the mould is being separated. This 
relieves that portion of the mould forming the 
head, which parts as does the pattern and allows of 
remDval from the flask after the mould is opened. 
WIkmi tliis part of the mould, or drawback as it is 
'ometimes called, is removed, the pattern is free 

" withdrawal from the mould. 
^e part of the pattern that forms the valve-chest 
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is made in halves, with a core-print at each end. It 
is built up of staves, in a manner similar to that of 
the body of the cylinder, and, being of moderate size, 
is tumed to the proper shape and dimensions in a 
lathe. The valve-chest is secured to the other 
part of the pattern with screws and glue. The 
projections on the valve-chest that form the outer 
walls of the steam-passages are next fitted, after 
which the part containing the induction-passage 
and nozzle is fitted and secured to the valve-chest. 
This piece is made to part like the other portion of 
the pattern, and is worked out of solid material, 
the core-print and fliange being tumed and added 
to it. 

The top and bottom flanges, which extend all 
around the ends of the cylinder and valve-chest, 
are next added, after which the brackets by which 
the casting is secured to the engine framing are 
added; also the bosses for the relief- valves and 
facings for the hand-holes, etc., are fitted. The 
core-print for the upper or open end of the cylinder 
is built up of segments and tumed to dimensions. 
It is secured to the end of the cylinder with screws 
and glue. 

The pattern is now ready to be cleaned off and 
to receive its coat of shellac. The completed pat- 
tern is shown in Fig. 107. 

A plan and a sectional view of the core-box for 
the receiver core are shown respectively in Fig. no 
and Fig. in. It is a half-box, the one box an- 
swering for both halves by having right and left 
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pieces, c, d, which are secured in the box accord 
to the half of core to be made. 




'^'|\vl>^^\ iswuijilructcdby first preparing a bot 
\iM\\\i ki*y-'i liUinii loyi'thcr the sides and moun 
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them on the board. The half-cylinder which forms 
the inner wall of the receiver is constructed by 
preparing heads and securing staves to them, which, 
when worked off, will produce the required cylin- 
drical dimensions. The upper edges of the sides are 
worked to the outer shape of the core, a straight- 
edge being used to sweep off the core to the form 
of the sides of the box. 

Each half-core is supported in the mould at the 
open end of the receiver, at two places on the cylin- 
der, /, /, and at one on the valve-chest, w, where the 
cylindrical openings cut through the outer wall of 
the casting. The corresponding letters on the core- 
box show where the core is extended for this pur- 
pose. The openings are plugged up in course of 
finishing the casting. 

Fig. 112 illustrates the core-box for the induction- 
passage to the valve-chest. The view shows the 
inside of one half the box when separated. Fig. 113 
shows a section through both halves of the box. 
This core is made in halves, the parting being on 
the line ef, and it is supported in the mould at 
the three ends where core-prints have left im- 
pressions. A cylindrical opening is made through 
the core for the purpose of providing support for 
the cores for the steam-passages to the cylinder. 

Fig. 114 represents one half the box in which 

the cores for the steam-passages are made ; the box 

s m^de to part or separate on the line hi. Two 

tJiese cores are necessary, differing in length 

\ir^ they pass through the induction-core. One 
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core is made with the piece g attached to the box, 
and one, Fig. 115, for the upper passage without 
it. The box is made open on the upper side, fe, to 
facilitate ramming the core up. These cores are 
supported in the mould on one side by the induc- 
tion-passage core, which they pass through, and on 
the other side by the exhaust end of the receiver 
core. It is necessary to support them also by 
chaplets. 

Fig. 117 illustrates the core-box for the interior 
of the cylinder. Two views are shown, a plan and 
an end view. For that part of the core containing 
its large diameter a half-box for the lower half of 
the core is sufficient, the upper half of the core 
being formed by a strike, /, which is shown in the 
position in which it is used. It is advisable to 
inake both halves for the other end of the box, which 
contains the smaller diameter. 

The part projecting inwardly, marked m, is made 
to Uft out with the core when it is taken from the 
box, and is withdrawn from the core afterwards. 
This core can also be made by turning it up on a 
core-barrel ; but if this has to be specially made, it 
will be more economical to dispense with it and 
niake a box like that described above. 
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PATTERN FOR A GUN-MOUNT PEDESTAL. 

Figs, i 18-12 5 represent a pattern for the pedestal 
of a gtin-motint. It consists of a socket combined 
with a flanged housing, by which it is seciired to 
the deck of the vessel. 

The top carriage, on which the gun is mounted, 
has a pivot on its lower side, and when the pivot 
rests in the socket of the pedestal the top carriage 
can be revolved in a horizontal plane. 

Pedestals are subjected to very heavy strains, 
and their construction consequently must be relia- 
ble and solid. 

Fig. 118 is a plan view. Fig. 119 a side elevation, 
Fig. 120 a longitudinal and Fig. 121 a transverse 
section of the pattern. 

The flange, a, and the central body, or boss, for 
the socket, 6, are the pieces first required when 
beginning the construction of the pattern. The 
former is built up with two courses of segments 
glued and screwed together. The latter, which is 
turned, is preferably made of thick material in order 
to have as few glue- joints as possible. 

These pieces being prepared, the flange is secured 

a surface board and the center piece, 6, set up and 
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secured in its proper position relatively to the flange. 
The housing, c, which surrounds the central boss 




is then fitted to the flange at the bottom and to the 
30SS at the top. The staves forming the housing 
ire about four inches wide at their bottom ends. 
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Considerable work is involved in fitting and shap- 
ing the staves conformably with the diflEerent posi- 
tions which they occupy in the housing. They are 
secured in place by glue and screws, nails also 
being used where necessary. When securing them 
in place three staves are closely joined and secured 
together, and then a joint is left open about one 
eighth of an inch. This is continued alternately 
around the pattern, to allow for the swelling of the 
wood while the pattern is being moulded, and has 
been fotmd necessary in consequence of the great 
width made arotmd the pattern by the staves. 

The openings in the sides of the housing for the 
purpose of allowing access to the interior of the 
pedestal are formed with cores. Fig. 124 shows 
an end view and Fig. 125 a section of the box in 
which these cores are made, d and d, Fig. 120, are 
the core-prints for the location and support of these 
cores. The central piece, fc. Fig. 121, and also the 
ribs, e, which connect the former with the housing, 
are arranged to lift out with the main core. 

Fig. 122 shows an end view of the core-box for 
the vSocket, and Fig. 123 shows one half of the box 
us viewed from the inside. The prints for the sup- 
port of the core are shown in / and g. The flange, 
^, J'ig. 118, is made in two parts; the part pro- 
"^*cting beneath the housing is made to separate 
Ti that (mtside of it, that it may be withdrawn 
the m(juld independently of the remainder of 
em. 

1?, the pattern is first inverted and 



t. 



. PATTERN FOR A GUN-MOUNT PEDESTAL 103 

the main core made inside. This completed, the 
part of the flange projecting inside the housing is 
removed and the position of the pattern with the 
core is reversed. The mould is completed and the 
casting made in this latter position. 



XVT. 

PATTERN WORK FOR SCREW PROPELLER 

CAST ENTIRE. 

When screw propellers are of large size and cast 
entire they are usually swept up in loam, but 
when the blades are made separate and are to be 
bolted to the hub, or when the screw is to be dupli- 
cated, a pattern of the blade is usually made and 
the moulding done in dry sand. 

To construct the pattern of a screw-propeller 
blade attached to a hub is an interesting and in- 
structive example of pattern-making. Working 
drawings of screws are made in different ways, 
according to the ideas of the draughtsman; one 
way has been described. 

Figs. 1 26-1 3 1 show another method. Fig. 126 

represents a plan and Fig. 127 an elevation of a 

right screw with two of the four blades broken off. 

These views are often assumed by the draughtsman 

to be all that is necessary in order to enable the 

pattern-maker to proceed with the construction of 

^' ^ pattern ; but the developed sections should be 

:ed out by the draughtsman. When they are not 

Q the pattern-maker may develop them himself. 

"^t, after receiving the drawing, the first 
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thing he should do is to lay down full-size developed 
sections of the blade. These are readily deter- 
mined in the following manner: Draw a line aft, 
fig. 128, for a center line somewhat longer than the 
radius of the screw. With the radius of the screw 
and with one point of the trammel on the center line 
describe an arc equal in length to the fraction of 
the circumference occupied by one blade. Develop 
this arc into a right line at right angles to the center 
line, and from its extremities draw radii to the 
center from which the arc was described. Divide 
the center line into as many parts as it is desired 
to have sections of the blade (four are used in the 
illustration), and through the intersections draw 
lines at right angles to the center line and inter- 
secting the two outside radial lines; the length of 
the lines between these intersections are those of 
the bases of the triangles c, d, e, and /, or periphery. 
The triangles are completed, Fig. 128, by erecting a 
perpendicular from the end of each base line. The 
height of these perpendiculars should be equal to 
the length of the screw, measured parallel with its 
axis. Now join the top of the perpendicular with 
the opposite end of the base line by a straight line 
for a right screw, as that represented. 

For the purpose of laying down the thickness of 
blade at the different sections, as well as the parallel 
pieces with which the blade is built, it will be found 
convenient to arrange the triangles as, shown in 
Fig. 129. 
From a scale of thickness as that shown in connec- 
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with the plan view, Fig. 126, which showj 
the thickest part of the blade at right angles 
the face, take the thickness of each section, 
as tr, d, e, f, and also at the hub. Lay it off at 
right angles to the center of the hy|X>tenuse 
of the triangle corresponding in section. From the 
ends of each hypotenuse describe an arc the radius 
of which is equal to that of the edge of the blade. 
I'or each section describe an arc of a circle inter- 
secting the arcs at the ends and the thickness dimen- 
sion in the center of the hypotenuse, and the area 
thus inclosed will be the section of the blade at that 
part. 

Now determine the thickness of the parallel 
pieces (Fig. 130), as i, 2, 3, 4, 5, and 6, to be em- 
ployed in constructing the pattern. This thick- 
ness may vary from if to i| inches, according to 
the size of the blade. Draw lines through the sec- 
tions of blade parallel with each other and perpen- 
dicular to the axis of the screw, with a distance 
between them equal to the thickness of the material 
adopted. From each intersection of those par- 
allel lines with the lines bounding the sections of 
the blade through which they pass, other lines at 
right angles to them are drawn to the adjacent line, 
and thus a series of rectangles is produced which 
are the widths of the parallel pieces necessary ta 
make the thickness at those parts. 

When the screw is a true or right one, as that 
under consideration, the face lines of these parallel 
pieces are right lines radiating from the center 
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the screw, because a right screw is generated by ~ 
right line perpendicular to the axis radiating from 
the center and having a uniform axial progress 
wliile revolving. But all screws are not so made. 
The generating line is made of various hjrms and is 
set at different positions with the axis. It is also 
given variable as well as uniform axial moti<i'^ 
while revolving. Sometimes the generating line i* 
given the form of an arc of a circle described fro"^ 
the rearward of the axial line. In such a case th® 
face line of the parallel pieces will be a spiral of i*^' 
creasing curvature toward the periphery. Thei*' 
again, the generatrix may be made a right lif»^ 
radiating from the axis, but having a less axi^ 
motion at the axis than at the periphery, producing 
a screw of diminishing pitch toward the axis. It^ 
this latter case when the pattern is built up of pieced 
of parallel thickness only, the center line betweei* 
the extremities of the pitches will be a right line per- 
pendicular to and radiating from the ^xis. \Vith 
each succeeding piece forward of the center line 
the face line will increase in convexity, while for 
each succeeding piece aft of it the face hne will 
increase in concavity and the face line would have 
to be worked out for each piece of parallel thick- 
ness. 

■ In a case of this kind the construction of the 
pattern will be made easier by making the pieces 
tapering instead "of parallel in thickness, reducing 
the thickness of each piece at the axis in proportion 
to the difference in the pitches; and then the face 
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line of each piece would be a right line radiating 

from the axis. 

The drawing is made convenient for building the 
screw with the face upward, and some workmen 
prefer doing it in this way ; but the writer, who has 
had a very large experience in constructing patterns 
for screws, is decidedly in favor of making them face 
downward, as greater accuracy can be thereby 
attained. 

All the necessary preliminaries to laying off the 
different pieces being completed and the material 
^ith which the blade is to be constructed prepared, 
it is only necessary to transfer the dimensions f otmd 
to the pieces. 

As the method is similar for all of the pieces, a de- 
scription of the preparation of one will answer for all : 

Select for No. i, or bottom, a piece not less in 
^dth than the widest section on that line. Make 
one edge of it straight and square with the sides, lay 
off on it the several radii, as c, d, e, f (Fig. 126), and 
also the radius of the hub on that line. Beginning 
either with the hub or the peripheral end, with a 
pair of dividers step off the width of the section and 
transfer it to the arc of corresponding radius on the 
piece. Proceed in a similar manner for each suc- 
ceeding section on that line. Tack a flexible batten 
on the piece with its edge passing through the inter- 
sections made on the arcs, draw a line along that 
edge, and work off the piece to that line square with 
its sides. 
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QrovL'ped in F^. 130 are shown the different 
pieces shaped and ready for building the blade. 

A surface-board is necessary to insure satisfactory 
work. It should be lined off and the hub secured 
in its proper position upon it. The pieces are. fitted 
against the hub. As the blade is to be made face 
upward, a guide secured at the periphery is neces- 
sary to insure the proper angle; props are also to 
be employed beneath the pattern to keep the pieces 
up to the guide, as there is a tendency of the pieces 
to depress on their overhanging side. Bach piece, 
as the building up progresses, is set back on the 
piece below it and glued and nailed thereto, care 
being observed that the nails are out of the way of 
the tools in working the blade off. In the latter 
case it is only necessary to work down to the lines 
formed by the outside of the joints to obtain the 
required thickness throughout the blade. After 
the blade is worked off it can be made any desired 
shape within the limits of the pattern by lajring off 
the outline and working off the surplus material, and 
easing off the back to suit the shape adopted. 

When the screw is not very large the hub may 
be formed at the same time that the blade is 
being built up by laying off a section of the hub 
and blade on the same piece, as shown shaded 
by A', Fig. 131. But when the screw is of large 
^izc, it is more convenient to ttim the hub sepa- 

tely and fit the pieces to it while building the 
e. 

the screw is qtiite small, it is not necessary 
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to make more of the pattern than one blade and 
the hub, as the pattern can be shifted around in 
moulding to make the reqiiired nxmiber of blades 
in the casting. 



XVII. 

METHOD OF MAKING A PATTERN FOR A 
SCREW PROPELLER WITH SEPARABLE 
BLADES. 

Figs. 132-135 show a screw propeller different in 
shape from the one previously described. The 
views are numbered to follow consecutively those 
that have already appeared. The screw is a true 
one, that is, its pitch is tmiform both radially and 
axially. 

Jt will be observed that a blade developed on a 
plane is oval in shape, as shown in Fig. 132. The 
outer oval figure is intended to represent the shape 
of the blade as thus developed. Instead of the 
screw being cast entire the blades are made sepa- 
rately and provided with a flange for bolting them 
to the hub or boss. This is the type usually adopted 
for the propellers of ocean-going steamers. It pos- 
sesses a distinct advantage when in need of repairs, 
for a broken blade can be renewed without removal 
of the screw from the vessel. However, a propeller 
his kind is more expensive in first cost. 
\en a pattern is to be made of such a screw, and 
^ving, as is generally the case, does not show 
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the developed sections of the blade, these should 

be developed by the pattern-maker to full size. 

\ He should then determine the thickness of the 

I material of which the blade is to be built and line 

I off the sections with parallel lines according to the 

I thickness adopted. It is well to dress up thelum- 

^ her for the blade, rip it in pieces of sufficient size 

and allow it to stand tmtil wanted for use. Next 

make two guide-frames, one to conform to the angle 

of the pitch at the hub and the other to the angle 

of the pitch at the periphery. As the blade pattern 

IS to be made with the face downward, the angles 

of these guides will determine the proper helical 

form of the face of the blade. The method of making 

these guides has been explained. 

A substantial surface-board is required. It should 
he somewhat longer than the radius of the screw, 
and in width a little greater than the length of base 
^f the largest guide. On this board draw a line 
through it lengthwise for a center line. With the 
radius of the screw and with one point of the trammel 
on the center line describe an arc across the board, 
the arc at the center line being about five inches 
from the end of the board. From the same center 
^th a radius equal to that of the hub describe 
another arc across the board. Step off the length 
of the base of the triangle e, at Fig. 133, the periphery 
of which will be equal to the length of the base of the 
largest guide. Transfer this length to the arc corre- 
sponding on the surface-board, making it equal on 
^ach side of the center line. From the extremities of 
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uhe arc draw radii to the center, and the sector thus 
fonned will be that with which a plan view of the 
3lade win agree when its top and bottom edges are 
perpendicular to the axis of the screw. 

To determine the necessary length of the base of the 
juide when the outline of the blade is of special shape 
ike that under consideration, it is necessary to 
ay down a projected view of the blade as viewed 
n line with the axis of the screw. Radial lines 
re then drawn tangent to the edges of the blade 
s at /, Fig. 132. The length of the arc at the 
•eriphery intersecting these lines is the fraction of 
lie circumference the blade extends through and 
' is also the length of the base of the guide. 

The two guides being prepared and having center 
nes drawn upon them, are to be secured to the sur- 
ice-board, their center lines and curvatures coin- 
ding with the arcs drawn on the board ; the guide 
^ the periphery being on the inside of its arc. A 
attem for the flange by which the blade is secured 
) the hub is required. It is to be secured to the 
irface-board by brackets, being properly situated 

relation to the face of the blade as determined 
^ the guides. 

To facilitate laying off the pieces for the blade 
templet like that illustrated in Fig. 134 will be 
und useful. It is made of thin stuff equal in 
ngth to the radius of the screw. The arcs of the 
fferent sections, as a, 6, c, d, and also those of 
e hub and periphery, are described upon it and 
tough of the templet cut away to admit of the 
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arcs acting as guides while they are being markeii 
on the blade pitxes. The necessary preparations are 
now completed to allow the building of the blade to 
proceed. 

It is not absolutely necessary with a blade pat- 
tern of this shape, where so much of it is cut away 
toward the periphery, to continue every piece to 
the outside guide. But the writer has found it 
good practice to do so. The small amount of mate- 
rial saved^by stopping some of the pieces at the top 
and bottom short of the outside guide does not 
compensate for the extra care it involves to insure 
accuracy. 

To begin the building of the blade pattern, select 
from the stuff prc\'ious]y prepared a piece of suffi' 
cient size to make the bottom piece marked *' 
straighten one edge and make it square with the 
sides. Fit the straight edge of the piece against th^ 
guides with its side lying on the surface-board by 
beveling the edge where it comes in contact with 
the guides, being careful to have the bevels tef 
minate exactly at the upper edge of the piece wher^ 
it touches the guides. If it should occur in fitting 
a piece that the top of the bevel is carried in beyond 
the edge, the edge can be planed ofE until it coincides 
with the bevel. In this lies one of the advantages 
of fitting the pieces to the guides before reducing 
them to the shape in which they are built into the 
pattern. 

Now mark the periphery of the blade on the 
piece whicli will l.)C the outer edge of the outside 
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guide; also mark the radius of the hub, which is 
the inside edge of the inner guide. Lay the templet 
on the piece, the marks for hub and periphery coin- 
ciding with those of the templet, and mark the arcs 
of the different radii a, 6, c; d, etc. Take the widths 
of the piece i at the different sections and lay them 
off on the piece i. On the arcs corresponding to 
the section draw a line through these intersections 
with the aid of a batten, work off the edge to this 
Kne square with the sides, place the piece on the 
surface-board where it was fitted against the guides, 
securing it there against shifting, but in such a 
banner that it may be readily released when de- 
sired. Proceed in a similar manner with piece 
No. 2, which, when prepared, secure on the piece 
No. I by glue, and with nails where they are not 
likely to come in contact with the tools in working 
fte blade off. The remainder of the blade is simi- 
larly proceeded v/ith tintil completed to the desired 
height. Where the parallel pieces come in contact 
^th the flange they are fitting against it as well as 
Against the guides. The shapes of the several pieces 
forming the blade are shown in Fig. 135. 

After the pattern has been completed to the 
required height and before it is removed from the 
guides, it is to be roughly worked off on the back. 
Large, inside bevel gouges are useful for this purpose. 
The pattern is then to be turned over, with the face 
upward, utilizing the guides to hold it while the 
face is being worked off. When the face of the 
pattern is finished down to the lines formed by the 
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joints of the pieces, the configuration of the biadeia 
the next thing in order. This can be laid off di- 
rectly on the face of the pattern, or a templet of 
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Fig. 140- 



Fio. 1 



I the shape can be made of stiff paper and the pattern 

Ittiarkcd by it. 

The shape of the blade lieing linr.i olT on the face 
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of the pattern, the surplus material outside of this 
boundary is to be removed. This accomplished, 
the face is given a coat or two of shellac and the 
pattem turned with its face downward and its back 
worked off down to the lines formed by the joints 
of the pieces of which the pattern is composed. 
The edges are next to be finished by working off 
the back to an easy curve where it trends toward 
the face. 

When building up the blade it is well to avoid 
gluing the flange to the blade pieces. By arranging 
the fiange to be removed while the blade is being 
forked off the latter is accomplished much easier. 

After the flange has been secured permanently 
to the blade, the fillets where they join are com- 
pleted. The fillet on the back may be worked on the 
pieces which compose the blade, but the fillet on 
the face is best fitted separately. 

After being sandpapered and receiving several 

coats of shellac, the pattern is ready to be moulded. 

Glue alone should not be depended upon to hold 

the pattern together while being moulded. Brads 

should also be freely used for the purpose. 

Pig. 142 shows a partly built-up blade pattern. 
It differs in shape from those shown in the draw- 
ings. For the purpose of making prominent the 
manner in which the pieces of parallel thickness 
are fitted upon each other and to the guides they are 
shown somewhat disproportionate in thickness. 

Figs. 1 36-1 41 show the method of constructing 
the pattern for the hub, or, as it is termed in F 
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or cores which have been made in the course of 
moulding it. 

When the hub is of moderate size it is best moulded 
in dry sand. In this case it is first constructed in 
the form of a box which separates or parts diago- 
nally across its ends. To form the sides four 
frames, as in Fig. 136, are made of stuff sufficient in 
thickness to allow of their being worked to the 
required spherical form. Each frame is made of 
four pieces. When these are joined together, 
they leave an opening in the middle of the frame 
which is covered by the core-print for that core 
which forms the recess in the side. 

The frames are fitted together with miter- joints 
(see Fig. 137). They are secured in pairs, each pair be- 
ing glued and nailed together where they unite. The 
ends of the box, which are square in shape, are made 
in two pieces parting diagonally across the square. 
After these are secured to the sides comer blocks 
are glued and nailed inside the box to strengthen 
it at the comers where it is liable to be reduced to 
small thicloiess in being worked to the spherical form. 
Previous to securing the frames together their mi- 
tered ends are marked off by a templet having the 
radius of the hub, and the material outside of this 
line is worked off square with the joint. When the 
four frames are put together the outline of the miter 
joints gives the shape to which the pattern is to be 
worked in reducing it to the spherical form. The 
spherical form can be obtained either by turning 
in a lathe or by working the pattern off by hand. 
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The writer has employed both methods, but prefers 
the latter when the pattern is to be moulded in dry 
sand and cores are used to form the interior of the 
mould. 

After the spherical form has been given to the 
pattern it is ready for the core-prints. The prints 
a» 6, Fig. 138, for the tapered core which forms the 
shaft-hole are secured permanently to the pattern; 
but c\ (i, e, /, on the sides, for the cores which form 
the recesses where the blades are secured to the 
hub, are made removable. They are held in place 
by draw-pins, which are withdrawn while the pat- 
tern is being motdded, thus releasing the prints 
fnmi the pattern and allowing the latter to be 
drawn from the mould first and the prints after- 
wards. 

The recess cores are inserted from the inside of the 
mould pre\'ious to setting the main core, and are 
secured in the impressions made for them by the 
prints. 

Fig. 139 shows a longitudinal and transverse 
section of the box for the core which forms the hole 
for the shaft through the hub. \\Tien but one cast- 
ing is needed a half -box can be made to answer; 
but when several castings are reqtiired it pays to 
make a whole box. 

Fig. 140 shows a plan and a section of the box 
for the core which forms the recesses in the sides of 
th ' S where the blades are bolted to it. Fig. 141 
? "^lan and a section of the box for the core 

the recess in the flange of the blade. 



XVIII. 

CONSTRUCTION OF SMALL SCREW PRO- 
PELLERS. 

In constructing small screw propellers, unless 
special precautions are taken in view of the frailty 
of the pattern, much difficulty will be encountered in 
making it retain its shape while being moulded. 
In moulding a wooden pattern of this kind it be- 
comes necessary to provide a block or foUow-board 
for the support of the pattern while the mould is 
being rammed up. This block is sometimes made 
of plaster of Paris, its form being obtained from 
the pattern itself. 

In an establishment where many patterns of 
small screws of various forms were made, and 
where different methods of making and moulding 
such screws were tried, that which insured the 
greatest satisfaction was first to make a block of 
wood whose helicoidal face represented the equiva- 
lent of the screw desired. Upon this block the pat- 
tern for the blade was built of alternate pieces of 
pine and baywood. The block was afterward em- 
ployed to support the pattern while being moulded. 
This method has special merit when the screw is 

"3 
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of pectiliar form and a correct casting is desired. By 
this method, also, the moulding is done with green 
sand in a core-box, a pattern of but one blade being 
necessary in order to obtain as many blades as may 
be required in the casting. It also insures the cast- 
ing of all blades as nearly alike as it is practically 
possible to make them, and secures uniformity 
throughout the casting — which is very important 
when experimental data are desired. 

Fig. 143 shows the first step of the process, namely, 
that of making the block. This is made of about 
2\ inches greater radius than that of the pattern to 
allow for the joint of the mould. It is not neces- 
sary to make the block of the full dimensions of the 
box, but merely of sufficient width and depth to 
admit a joint aroimd the outside of the pattern of 
the blade. If the screw is to be a true or right one, 
as that illustrated, the block should be built up of 
" ^es of equal thickness, the edges being straight 
.ting from the center. Given the diameter 
1 of the screw, the first thing is to lay off a 
d diagram of the periphery of the block, 
h, diagram are to be determined the thick- 
jTidth of the pieces that will constitute the 



a true screw, of four blades 30 inches 

neter and 45 inches pitch, is required. Add- 

nches to the radius for the joint of the mould 

e the block 17^ inches radius. One fourth 

'^sponding circumference will make the 

^tigle 27 J inches, and one fourth of the 
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pitch will give an altitude of 1 1 ^ inches. Dividing 
this last by ten will give i\ inches, the thickness of 
the pieces. Dividing the base by the same niim- 
ber gives 2f inches as the distance on the periphery 
that the edge of each piece must be set back of the 
piece below it when building up the block from the 
bottom. When preparing the pieces it is advisa- 
ble to make them somewhat wider than their finished 
widths, as by so doing the joints can be more easily 
made. The surplus material may be removed after 
the block has been worked off. 

In building the pattern of the blade it is advisa- 
ble to have the two outside edges of baywood. 
Beginning at the bottom, which will be the after 
^dge of the blade, a piece of baywood is fitted to the 
Wock and tacked thereto in its proper position. 
A piece of pine is next fitted to the block, and, to 
inake a close joint with the baywood strip to which 
It is to be glued, this pine piece is also tacked to the 
tlock. The other pieces which go to form the blade 
^re prepared in a similar manner. As each piece 
IS fitted, the thickness of the blade at that part is 
laid off on it and the back of the piece is chamfered 
^0 the line. The thickness can be obtained by lay- 

« 

^g down the sections of the blade as shown in Fig. 
152. In order not to have the pieces too thin (in 
which case it would be more difficult to make good 
]oints) it is advisable to shape the pieces as shown 
in Pig. 152. In this sketch the lower parts of the 
sections of the blade are shown built up with pieces 
somewhat thicker than the finished dimensions, with 
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one of their sides chamfered to the finished Hne. 
The upper parts of the sections are represented as 
when reduced to finished size. 

. When all the pieces forming the blade are glued 

together and sufficiently dry, the pattern is removed 

from the block, its face smoothed, the outline of the 

blade laid off and the edges worked to the line. The 

back of the pattern is next worked off, and the 

whole then finished with shellac, when it is ready 

to be fitted to the hub. If preferred, the section 

of the hub can be fitted in its place on the block, 

and the pieces forming the blade fitted on at the 

same time that they are being fitted to the block. 

There is little choice, however, between the two 

methods. The blade is to be secured to the hub 

by glue and screws. Sufficient margin for the 

joints of the motild is to be laid off on the block 

outside the blade, and the surplus material of the 

block removed. The pattern will then be prepared 

for the core-box. This is made foiu* or five inches 

deei)er than the block and pattern, and should be 

made to be taken apart, as in Fig. 145. The angle 

of the core-box is made according to the number 

of blades required in the screw. For a three-bladed 

screw the box will extend through 120 degrees; 

for a fotir-bladed screw, through 90 degrees, etc. 

The box should be made of two-inch material, put 

together with screws, and the outside or circtdar end 

so arranged as to admit of easy removal. 

Before beginning the mould, it is necessary to 
provide a skeleton of cast iron for building in the 
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cores for the drag parts of the mould, and skeletons 
also fur the copes; all these should be provided 
with suitable hfters. 

When beginning the mould, the block with the 
pattern being in the bottom of the box, the remain- 
der of the box is rammed up with greei sand, 
the skeleton having been properly placed in the 
mould during the operation. The drag being com- 
pleted, the box is inverted and the block which sup- 
ported the pattern removed, leaving the latter in 
the mould. The parting having been prepared and 
the gates and risers properly arranged, the oper- 
ation of ramming up the cope is proceeded with. 
'I"he skeleton for the cope should not only have 
lifters, but be provided with prickers or wires ex- 
tciiding to within a half-inch of the pattern and 
joint of the mould. The purpose of these is to 
support the sand. The cope being completed, 
the sides and end of the box are removed, the cope 
lifted off and held suspended, the pattern with- 
drawn, and tile mould dressed. A bed having been 
prepared, the drag is lifted from the bottom board 
lint! placed on the bed and the cope placed upon it. 
One fourth of the mould is now complete, as illus- 
trfttud in Fig. 150. In the same way the other 
aecti<ins of the mould are prepared. When all parts 
of the mould are in jilace they are weighted with 
plates made for the purpose and conforming in shape 
to tht; sections of the mould. A curb of thin boiler- 
plate bent to a circular shape, with flanges turned 
outwardly and radially for bolting together, is 
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made to encircle the motild. The space between 
the motild and the curb is rammed with sand, and 
after the potiring-gate is prepared the motild is 
ready to be poured. 

In making the core-box it is advised that it be 
made of sufficient radius to answer for the largest 
screw likely to be wanted. Screws up to four feet 
in diameter have been successfully made by this 
method. When small screws are to be duplicated 
it is best to have a metal pattern and do the mould- 
ing in a flask. The metal pattern can be advan- 
tageously made, as the foregoing explains. 

Figs. 153-156 illustrate a pattern of a globe 
valve. This is selected from correspondence be- 
cause it furnishes an excellent example of making 
what is regarded a difficult pattern. Fig. 153 
shows one half of the pattern, which serves the 
purpose of elucidation, the other half being of 
course the counterpart of that shown. The two 
pieces comprising the half-pattern are glued to- 
gether on the line MN, Both of the pieces can be 
turned in a lathe, the only hand work necessary 
being the squaring of the core-prints BB and cut- 
ting the hexagon DD, 

Fig. 154 shows one half of the main core-box ; both 
halves are cotinterparts and are doweled together 
with the pins EE ; the spherical part is turned out 
in a lathe. 

Fig- 155 shows a block made to fit the slot F, 
Fig. 154, and which aids to form the circular wall 
around the valve-seat as well as the hole through 
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the seat G. The boss H is turned to the radius of 
the outside wall //, Fig. 153, while the groove / forms 
the core for the inside wall. A handle is fitted to 
the block by means of which the latter can be drawn 
out of the way before the core-box is separated. 
Two cores from this box are required for each motild. 
A straight roimd core made by the box Fig. 156 is 
for the stem end. The end of this core .fits against 
the spherical surface of the main core at K, Fig. 153. 
To accomplish this a plug K' , with a spherical sur- 
face to match the main core, is fitted into the end 
of this box. 
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XIX. 

PATTERN WORK FOR MOULDING A LARGE 
BELT-PULLEY OR FLY-WHEEL. 

A COMPLETE pattern for a large belt-ptdley or fly- 
wheel is now never made to obtain a casting there- 
from, but recourse is had to expedients involving 
a comparatively small amount of pattern work. 
The pattern work to obtain such a casting consists 
of a former for the outer wall of the mould, a core- 
box for the arms, a core-box for the center core, and 
two core-boxes for covering cores. 

In beginning the mould the first pieces required 
are the former for the outside wall, shown by a 
and ft. Figs. 157 and 158, respectively, and the 
center pin 0, Fig. 158. 

The former requires to be substantially made 
and consists chiefly of a base-board having a 
hole to suit the center pin, and a segment whose 
convex side is worked off to the radius of the ex- 
terior of the rim of the wheel. The segment is se- 
^^^^ed to the base-board and braced thereto in 
to maintain a concentric position with the 
and a right angle with the face of the board. 
=*. center pin about which the former re- 
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volves. In Fig. 159 / shows a plan and elevation 
of a segment of the rim, and g shows a plan and 
section of the core-box for the core which covers 
the center or hub opening of the mould. 

In Fig. 162 c shows a plan and section of a core- 
box containing a pattern of one half of an arm of the 
wheel. Two cores from this bos are required f*^' 
each arm. e shows a plan and section of the core- 
box for the cores to cover the rim opening of the 
mould. These comprise all of the pattern work nece^' 
sary to enable the moulder to complete the moul"* 

In beginning the mould, a level bed is first pt*' 
pared and the center pin, a. Fig. 158, is located aii*- 
fixed in place. The former is centered on the pi* 
and the building of the outer wall of the mould pr<7 
ceeded with by ramming green sand against th* 
former and striking it off level with the upper edge 
of the segment. This completed, the former is 
moved around about two thirds of the length of 
the segment and the outer wall extended by repeat- 
ing the previous operation. The wall is continued 
in this manner until the entire circle is covered. 
The outer wall being completed, the mould is lined 
ofT according to the number of arms the wheel is 
to contain. The mould is then ready to receive the 
cores. It is assumed that the cores have been made 
in the mean time, while the mould was being pre- 
pared to receive them. 

The cores for the arms are the first required. 
The segment /, Fig. 159, is placed in the mould in 
the p<.)sitton shown by It, Fig. 160, and the bottom 
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half of an arm core is set radially according to the 
line prepared for it, with its outer end against the 
segment which gauges the thickness of the rim. 
The upper half of the core is then placed upon the 
lower. This operation is repeated tmtil all of the 
arm cores are placed, Fig. 160. The spaces between 
the cores are filled in with green sand, the segment 
being used to stop off the sand, and this completes 
the inner wall of the mould. The center core for the 
hub, which is a plain cylindrical one, is set, and the 
covering cores from box g. Fig. 159, placed. The 
covering cores from box e, Fig. 162, are next placed 
over the rim opening. 

The gates and risers having been i)rovided for 
through the covering cores, the mould is weighted, 
and the top built up with green sand to the height 
necessary for the runners, gates, vents, etc. This 
completed, the mould is prepared to receive the 
metal. 
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XX. 

PATTERN FOR AN OBLIQUE CHUTE. 

Pattern-makers occasionally meet with pi-oblems 
that are exceedingly perplexing, especially to those 
who have neglected the study of geometry ; moreover. 
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FiG. 163. 

such problems are often by no means easy to solve 
even by those fairly informed in that science. Fig. 
163 shows the pattern and casting which are the sub- 



138 THE ART OF PATTERN-MAKING. 

ject of one of those problems. A cast-iron chute rect- 
angular in section is required to pass in an oblique 
direction through a brick wall 17 J inches thick. It 
passes through at an angle of 35 degrees with the per- 
pendicular and 45 degrees with the face of the wall. 
As the illustration shows, the chute emerges from 
the wall with its sides parallel with the vertical 
joints of the brickwork, but its top and bottom 
are oblique to the horizontal joints of the wall. 
This obliquity results from the combination of 
angles and the rectangular section of the chute. 
There are several ways of determining the length of 
the pattern and the angle of its ends in such a case, 
and two of these ways will be described. 

In order to obtain the proper dimensions and 
angles of the pattern it is advisable to lay down full 
size the necessary views, as illustrated in Fig. 164. 
First draw the plan .4, making a equal to the thick- 
ness of the wall and b equal to the base of the required 
triangle horizontally. In this case the horizontal 
angle being 45 degrees makes both sides of the tri- 
angle 17J inches. Draw the line d parallel with the 
hypotenuse c and make the perpendicular distance 
between the two lines equal to the external width 
of the chute, 14 inches, and extend d to e. Draw the 
side elevation B equal to the thickness of the wall, 
making the line / 35 degrees with the perpendicular. 
Projc^ct a line from g toward h and extend it indefi- 
ly. Project the point i toward k and extend it 
nitely. Project the point / and intersect ik 
^nnect km : this line will give the angle of the 
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3 through the wall when viewed in front elevation, 
ict the point e^ and intersect the line gh at h. 
x:t the point n toward o and extend it indefinitely. 
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n the point h draw the line hp parallel with ink, 
•secting no a,t o] connect ko, and the length of the 
so formed will eqtial the length of the angidar 
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side on the top and bottom of the chute at its ends. 
So far, while we have arrived at the width of the 
chute, as well as the angle of the ends on the 
top and bottom, there is no line that gives the actual 
length of the chute, because to obtain that it is 
necessary to have a view from a point perpendicular 
to the side : the side being obliquely viewed in that 
which has been drawn. The actual length of the 
chute through the wall is the diagonal line, or hy- 
potenuse of the angle whose sides are the line / 
and the line q. Draw q perpendicular to the 
end of /, making the length equal to the thick- 
ness of the wall, connect the extremities of / 
and q, and the hypotenuse r will equal the actual 
length through the wall and between the flanges 
of the chute; this line also furnishes the basis for 
obtaining the angle of the ends of the chute on its 
sides. With the length of the line r intersect gh at 
s, and ik at t, and draw tu parallel with no. Draw 
7; j)arallel with r, making the perpendicular distance 
between the two lines equal to the external thickness 
or depth of the chute. Let v intersect tu at u; the 
length iu will then equal the depth. of the end of 
tlie chute where it emerges from the' wall, and the 
angle so formed will be the angle of the ends on the 
side of the chute. Project and make kw equal to 
tu] from w draw x parallel with ok, intersecting no 
'•^ V, and the rhomboid so formed by ko and wy 
'-^e the figure of the end of the chute, minus the 
when viewed perpendicular to the end as it 
»ni the wall. Having determined the 
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most important part of the problem, and proper 
length and angles for the pattern, its construction 
is not difficult. The pattern complete except the 
core-box, which is a plain rectangular one, is shown 
at the left in Fig. 163. 

To begin the pattern a box or core-print whose 
cross-section equals that of the interior of the chute 
is built up of one-inch material ; the lengjth of the 
print is sufficient to allow bearings for the core 
beyond the flanks at each end. Upon the print 
the length and angles of the pattern are lined off and 
the thickness for the metal is added on in conformity 
with the lines. Where the thickness forms imder- 
cuts, as at one end of thia sides, the imdercut pieces 
3^re made -to be drawn separately from the body of 
the patteifn ; they are secured in place by draw-pins. 
After th^ thickness is completed the flanges at the 
^nd are fitted to the pattern and secured by draw- 
PiMs ; they remain in the sand and are drawn out after 
the body of the pattern has been lifted from the sand. 
Another way which the writer has often used with 
S^eat advantage and tmvarying success in working 
^ut difficult problems of this character is to make a 
"Wood model to a convenient scale and develop the 
object from it. He would especially recommend 
this method where a number of different angles 
are involved, because it enables one to comprehend 
the problem more readily by having the chief fea- 
tures of the object under view, thereby impressing 
them more deeply on the mind and making mis- 
.takes less Uable. 
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Pig. 165 shows a model of all that is nee 
to solve the present problem, and in making t 
pattern it would save tenfold time spent in making 
the model. It is not necessary that such models 
should be very elaborate, but accuracy is abso- 
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lutely essential. It so happens in this case that 
the angles of the ends of the chute agree with those 
with which it passes through the wall, 35 degrees and 
45 degrees, or so near to them that they answer 
practical purposes; but this result does not follow 
as a rule for any combination of angles. 

A problem of the foregoing character was once 
submitted to the author after its solution had baffled 
the efforts of several excellent draughtsmen for a 
number of days, and he solved it with the aid of a 
model which required less than two hours to make. 



XXL 

PATTERNS WITH BRANCHES. 

Pitting branches to patterns, such as pipes and 
Valves, by the usual cut-and-try method is tedious 
and consumes tmnecessary time, especially when the 
body to which the branch is to be fitted is of some 
peculiar form. By preparing paper patterns of 
the line of jtmcture of the two parts, and marking 
this line off on the branch, the work is more skil- 
fully performed and the job expedited. Several 
^iifferent forms of preparing these patterns are here 
elucidated. When the principles involved in these 
Pi'oblems are mastered, they can be applied to a wide 
range of work. 

When the body and branch are of equal and uni- 
form diameter, it is simply necessary to first cut the 
e^d of the branch on either side at 45 degrees with 
the center line, as at A in Fig. 166. The line so 
produced on the circumference of this branch will 
he that of its jtmcture with the body, and when the 
hranch is cut across to this line it will fit the body 
if the work is accurately performed. 

B presents a problem not so simple as the pre- 
vious one. Here the branch is smaller in diameter 

143 



144 THE ART OF PATTERN-MAKING. 




PATTERNS HTTH BRANCHES. 145 

than the body to which it is to be fitted, and a paper 
pattern is to be made to mark off the line of jtmcttire. 
Lay down a plan and a section of one half of the 
body and branch, as a and b; divide the semicir- 
cumference of the branch a into any number of 
equal parts, so as to have a line in the center, and 
number the intersections. Prom these intersections 
project lines intersecting the curve of the body b. 
Now tack down a piece of suitable paper, c, in the 
position shown, and on it draw two parallel lines, as 
o and 6, whose distance apart is equal to the circum- 
ference of half the branch a. Divide this distance 
into the same number of parts as that of a, and draw 
lines parallel with the outside lines. From the 
intersections of the lines from branch a with the 
body project lines intersecting the lines on the 
paper c with corresponding numbers. A curve 
drawn through these intersections will give the 
developed curve of juncture of the branch with the 
body, and as in this case both halves of branch are 
alike, the pattern will answer for both. To arrive 
at this developed curve it is not absolutely necessary 
to lay down the plan view when both the branch and 
body are cylindrical and are at right angles ; but 
when it is desired to show the projected curve of 
the jtmcture, the plan view is necessary, and the 
intersections for it are obtained by projecting from 
the sectional views, a and 6, to ordinates with corre- 
sponding numbers on the plan. 

Fig. 167 shows a branch fitted diagonally to the 
body of the pattern. To obtain the developed 
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curve in this case the method to be pursued is sitnikir 
to that in the previous problem. The plan and sec- 
tional views are to be made and divided as previously 




"l the projected curve of the juncture 

1 branch obtained by projecting 
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to ordinates correspondingly ntimbered on the plan 
view of the branch. The developed curve of the 
juncture is then obtained by placing the paper along- 
side of the branch and projecting from the latter. 
Lay off on the paper two lines parallel with each 
other, and with the axis of the branch make the dis- 
tance apart of the lines equal to the circumference 
of one half of the branch, and divide this distance 
into the same nimiber of equal parts as that of the 
branch. From the intersections which produced 
the projected curve of jtmcture of the branch with 
the body on the plan, project lines at right angles 
to the axis of the branch to the ordinates on the 
paper, intersecting those correspondingly numbered. 
A curve drawn" through these last intersections will 
give the developed curve of juncture. 

Fig. 1 68 illustrates the body of a pattern which 
IS not cylindrical, but which has a cylindrical branch 
fitted to it. With many workmen, at first sight, 
It would seem a very difficult problem to work out 
the developed curve of juncture of branch with 
tody in this case, but if the previous examples 
have been studied and mastered, it will be foimd 
quite an easy matter to do so. 

The plan view is to be first laid down, or so much 
of it as is covered by the branch. Draw a section 
of one half of the branch in the position shown by a, 
and divide its circimiference as in previous examples. 
Through these intersections draw lines parallel with 
the axis of the branch, extending across the body, 
thus cutting the body into as many sections as lines. 
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bese sections of half the body are to be drawn 
ilow the body in the position shown by 6, and 
umbered correspondingly to those on the body. 
L section of the branch is drawn in the position 
hown by c, and the half -circumference divided the 
ame as that for the plan view. From these inter- 
sections lines are drawn intersecting the sections of 
the body correspondingly numbered. From these 
last intersections both the developed and the pro- 
jected curve of jtincttire are obtained by following 
the method of doing so explained in the previous 
examples. 

It is sometimes required to fit a branch or boss 
on a body away from the center line of the latter. 
Pig. 169 shows two such cases. In the upper view, A , 
the branch is at right angles to the body and to one 
side of its center. To obtain the developed curve 
of the juncture of the branch with the body in this 
case lay down the branch and so much of the 
^^ody as necessary in both end and side views, 
^raw end views of the branch and divide them into 
equal parts; from these intersections project lines 
parallel with the axis of the branch and intersecting 
the body. Number these ordinates correspondingly. 
Tack down the paper in the position shown and draw 
two lines parallel with each other and with the^^.xis 
of the branch ; make the distance apart of the two 
liAes equal to the circumference of the branch. 
IXvide this distance into the same number of equal 
parts as the end view of the^branch, and draw ordi- 
nates parallel with the outside lines. Number the 



THE ART OF PATTEKN-MAIONG. 




r 



PATTERNS t^lTH BRANCHES. 



ordinates to correspond with those projected from 
the end view of the branch. From the intersection 
of the ordinates on the branch with the body project 
lines intersecting the ordinates correspondingly num- 
bered on theside view and on the paper ; a curve drawn 
through these intersections on the side view will give 
the projected curve, and a curve drawn through 
the intersections on the paper will give the developed 
curve, of the juncture of the branch with the body. 

The lower view, B, shows the branch located to 
one side of the center of the body as in the previous 
case, viewing the body on the end ; but viewing the 
body on the side, the axis of the branch is inclined 
to that of the body. 

To obtain the projected curves of jimcture in this 
case draw the two views as before and draw ordinates 
on the branch projected from intersections on its 
end view. From the intersections of these ordinates 
with the body on the latter's end view project lines 
intersecting the ordinates correspondingly num- 
bered on the side view. A curve drawn through 
these latter intersections will give the projected 
curve of juncture of branch with body. To obtain 
the developed curve tack down the paper in the 
position shown, and upon it draw two lines parallel 
with each other and with the axis of the branch on 
the side view, making the distance between the lines 
equal to the circumference of the branch. Divide 
this distance into the same number of equal parts as 
the branch, and draw ordinates parallel with the two 
end lines. Number the ordinates to correspond 
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with those on the branch. From the intersections 
of the orciinates on the branch with the body, as 
shown in the side view, project lines at right angles 
with the axis of the branch intersecting ordinates 
correspondingly numbered on the paper. A cin^e 
drawn through these last intersections will give 
the developed curve of 'the juncttu'e of the brancli 
with the body. 

Where there is frequent occasion for fitting' 
branches when making plain patterns, such asi 
pipes, etc., a device like that shown in Fig. lyo'wTll 
be found a great advantage. It consists chiefly 
of a base-plate having a true surface, with a spindle ' 
fixed near one end and perpendicular to the true 
surface of the plate; also a head which has both a 
sliding and a revolving motion on the spindle. The 
sliding head carries a radius-bar set at right anglfS 
to the axis of the spindle. The radius-bar is ad- 
justable to suit different radii, and one end is prO" 
vided with a scriber held in a clamp bearing so th*'* 
it can be adjusted to suit different diameters ^1 
branches. 

A and B are cradles to which the work is secure* 
by wood-screws while being operated upon. Th' 
cradles can be made of wood, but are much bette 
when made of metal and finished accurately. Ther( 
should be a center line scribed on the surface of tht 
base-plate parallel with its sides and intersectinj 
the axis of the spindle to serve as a datum line foi 
setting the cradles when the work is to be marked 
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The cradle A is intended for parted work, and B for 
work not parted. 

The device is equally handy whether the boss or 
branch is set at right angles to the body of the pat- 
tern or at any other angle, or whether it is to set away 
from the center line of the body. In the former 
case it is only necessary to secure the work at the 
desired angle in the cradle, or, where it is set to 
one side of the center Une of the body of the pattern, 
to set the cradle accordingly on the base-pJate 
while the curve is being scribed on the work. 

After the work is scribed, which will be on the 
upper side as it sets in the cradle, the latter can be 
taken to the band-saw and the work cut to the line. 
If the entire operation has been carefully and accu- 
rately done, the branch will need very Httle further 
fitting to allow it to be secured in the place intended 
for it. 




TEETH OF GEAR-WHEEL PATTERNS. 
The increasing use in machine constructicoi of 
cut gear and also of machine-moulded gear has 
somewhat lessened the extent that gear-wheel work 
fomierly held in the trade of pattern-making. But 
notwithstanding this tendency gear-wheel work is 
still a very important factor in the trade of pattem- 
maldng because of the skill and expertness required 
in its performance. There are few patterns of the 
class that are regularly made for machine castings 
that require greater skill and expertness to com- 
plete than a bevel-wheel pattern. 

As to the best method of working the teeth and 
attaching them to the rim of a gear-wheel pattern 
there has been much discussion amongst pattern- 
makers. Fig. 171 shows five methods of secur- 
ing the teeth to the rim; each of these has its 
advocates. A gear-wheel pattern to be made prop- 
erly should be made accurately ; it matters not how 
Well made otherwise, if not accurate it is not suited 
for the purpose for which gear-wheels are intended. 
Of the different methods shown here the author is 
decidedly in favor of securing the teeth as shown 
b^Jo. 5. This method of securing the teeth to 
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the rim is amongst the earliest practiced, and for 
accuracy and durability has no superior. The 
objection urged against this method that it is 
difficult to form suitable fillets at the roots of the 
teeth, owing to the delicacy of the edges there, is of 
small moment, because with care and the aid of 
sandpaper and shellac satisfactory fillets can be se- 
cured. The devices shown in connection with the 
teeth and rim of the wheel are intended to facilitate 
the working and attaching the teeth to the rim 
when method No. 5 is adopted. A, 5, C, are respec- 
tively a plan, an end, and a side view of a com- 
bined box clamp and gauge by means of which the 
size and shape of the dovetail tenons on the tooth- 
blccks are worked. The gauge, a, is intended for 
use when cutting the dovetail slots in the rim ; it is 
J^ade of hard wood and equal in length to the face 
of the rim, and has a center line scribed through its 
kngth and on the ends. The angle of the sides 
should be about 22° 30' with the center line, and 
the taper in length f inch per foot. The gauge in 
use is secured to the rim by two sharp-pointed wire 
orads, which are allowed to project to enable them 
to be readily withdrawn to change the position of 
the gauge. After the rim has been stepped off and 
lined, the gauge is secured to the rim by the pointed 
hrads to coincide with a center line for a tooth. 
The saw, 6, is applied and kept close to the side of 
the gauge while sawing the rim to the line scribed 
on the rim for the depth of the slot. After the 
sides of the slot have been sawed and the gauge 
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removed, it is advisable to saw one or two kerfs 
between those outside. These will facilitate the 
removal of the material in working out the slot. 
The box, ABC, shotdd be made substantial and of 
a size to allow its use for different sizes of teeth. 
The small sizes of teeth can be worked in the box by 
fitting a liner under the block and making a wedge, 
rf, to suit the space between the block and the side 
of the box. The bottom of the box should be of 
sufficient thickness to allow the box to be held in 
the bench-vise while the dovetails on the blocks are 
being worked. The top of the box, c, which is the 
gauge for the taper and bevel for the dovetail 
tenon, is adjustable. The plane, e, is a rabbet 
beveled on the face to suit that of the gauge, o. A 
strip is secured to the side of the plane which, by 
bearing on the top of the box, c, gauges the depth 
of the dovetail. After one side of the dovetail 
tenons have been worked on the blocks the top, c, is 
reversed in angle and the remaining sides worked. 
'J'he dovetail tenons should be made a trifle full for 
the slots, as a little fitting will be foimd necessary 
even when pains have been taken to insure, accuracy, 
and for this reason, also, they should be somewhat 
longer than the width of the rim; they can be cut 
to the required length after being fitted into the 
rim. 

I f tJie teeth arc to be cut by machinery, the blocks 

e secured to the rim by applying glue to about 

-half inch at the large end of the dovetail. 

1; at one end only is to allow for any possible 
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shrinkage of the rim. If the teeth are to be worked 
out by hand, the blocks, after the shape of the teeth 
have been laid off, are backed out, each being 
marked as it is removed from the rim ; they are then 
worked in the usual way by being held by a hand- 
screw in the bench-vise while being shaped. In 
finally replacing the teeth in the rim three or four 
should not be glued; these should be properly 
marked: they are for the purpose of allowing the 
moulder to back them out to mend the mould 
should that become necessary. 

As to the best material for making gear-wheel 
patterns there is nothing better than clear, soft, 
white pine for the body of the wheel and straight- 
grained cherry for the teeth. All of the material 
of course should b.e thoroughly seasoned and dry 
when used. 
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XXIII. 

BELT-PULLEYS AND FLY-WHEELS. 

In Fig. 172, I represents a fly-wheel; 2, a belt- 
pulley; and 3, a gear-wheel design. Pattern- 
makers are frequently required to make patterns 
of wheels and pulleys without the aid of a prepared 
drawing. In such cases they will necessarily do their 
own designing and determine the proportion of 
the several parts. The following rules and formulae 
will enable those unaccustomed to such matters 
to determine the various dimensions for wheels and 
pulleys within eight feet diameter: 

a = width of face; 

& = thickness of rim; 

c = VaXb; 

(i = diameter of wheel or pulley; 
e= '' " shaft 

/ = " " hub = i".8 X ^, for single pulley and 

^Xi".9 for double belt-ptdley; 
g« length of hub; 
/j -.05 X^ + ^ = width of arm at hub; 

^' -= - = thickness of arm at hub ; 
2 ' 

k — length of arm ; 
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width of arm at rim ; 
j' = -=thickness of arm at rim. 



1 



The thickness of the edge of rims should be -^ 
for double- and ".2 for single-belt pulleys, thethicl 
ness to increase ".125 per foot to center of rin 
The arms should be oval in section, the radius of tt 
edges made about one eighth of the width of tl 
arm. The application of formulas is apt to cau 
timidity in some mechanics when soK-ing problerti 
but by following the examples worked out tl 
dimensions of the details for any other diaroet 
than that given may be easily arrived at by 
tuting the given diameter. 



i 



Example. 

It is required to find the size of arms and hub f 

a single belt-pulley 48" diameter for 3" shaft. 

Formula: a; = ".37s -l-.04d. 

a: = ".375 -I- 1.92 =2". 3 = width of arm at rimj 

r = -=— ^ i.iic=thickness of arm at rim: 
-'22^ ' 

fe = 24— 3 = 21 =length of arm. 

/i = 2i X. 05 +2.3= width of arm at hub; 

» = -^ = 1.1'; = thickness of arm at hub ; 
2 •' ' 

/ = 3Xi.8 = 5,4 = diameter of hub. 

A close approximation of the length of arm 

pulleys can be obtained by subtracting the diame 

of shaft from the radius of the pulley, as done in 

above example. 
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Required the size of arms and hub for double-belt 
pulley 48 inches in diameter for 3-inch shaft. 
Formula: ^ = ''.8s + .o4rf. 

Example. 

.04^ = 1.92; 
^=.85 + 1.92 =2''.8= width of arm at rim; 

yS=.'-^^^".^^thic\^e^ of arm at rim; 

2 2^ » 

fe«24— 3 =2i"=length of arm; 

^ = 21 X.oS + 2".8 = 3".8s = width of arm at hub; 

/=3 X 1.9 = 5".7 = diameter of hub. 

* = --^ — = 1.9 = thickness of arm at hub ; 
2 ^ 

f= length of hub, and will vary, according to diam- 
eter of ptdley and width of face, from one 
and a half to three times the diameter of shaft. 
For heavy rim wheels, such as fly-wheels, c, repre- 
senting the volume of the rim, becomes a factor and 
^^-.85 + .04^4-. 153c. 

Required the size of arms and hub for fly-wheel 
^0 mches in diameter with a rim section (aft) of 
4X6 inches, shaft 3.5 inches diameter. 

Example. 
^".85 + 2.4 + .75 = 4 inches = width of arm at rim; 

X A. 

y =- =- = 2 inches = thickness of arm at rim : 
22 

^ = 30— (3.5+6) =20.5 in. =length of arm; 

A = 20.5X.o5 + 4=5 in. = width of arm at hub; 
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.' '^ - .:. ; ill. ^ thickness of arm at hub; 

* ;.:; ^ J -7 inches = diameter of hub. 

F. M* -K-wiTcels, also iov pulleys when the pattern 
!s !'kciv ::^ be used i<?r other purposes than that for 
wlvci" i: was syeciully designed, it is advisable to 
rak'o :;x^ i'-ar^'cccr of hub double that of the shaft. 
Iv >u^ ''Mt'c i: aMs but a small amount to the weight 
'^! *!x- !ni".cy, but it has the advantage of making 
ibc pa'.'.c'"* av::iVs.blo t«.^r a somewhat larger shaft, 
\\n>vHii: .i*:c!*ati'M'.. i: wanted for such. 

!•• '."'c diic '^: '^y- wheels like the foregoing exam- 
ple '\ \\\\ be ■>i::xi that the aggregate widths of the 
,r !v>; evwvi. t:x' ctrx'uniforence of the hub, and when 
i!\* .rT**s .rv ;^vx\i by a cur\'e. a web will be formed 
a**' ^i:-\i '/'e e\:evi ^•.* of the hub which greatly strength- 
e"^ '/-e \.iie" I'v i^r.^ivrtions of fiv-wheel rims 
wi". v.i'v .u\^^'\iv'.i: :o tb.c fancy of designers, except 
in e,isos w'-.o'V .1 bcl: is to be used on the rim. 
SvMi\^ wi'.I p'vfo'.- :^^ **.\iko the face the larger dimen- 
sivM'.. \v!m1c v^'.bevs will t^ukc the side of the rim the 
lu>:or viitr.cnsio!^ In ci:her case good proportions 
for rims arc xis : a:\d ^;. 

Wlicn dcsi^^iun^: arms. etc.. for gear-wheels the 
J'ormula for double-belt pulleys can be used, with 
the addiiion of a web on the interior of the rim 
joininjj; the arms at that part. The thickness of 
rim of a ^ear-wheel is ustially made equal to that of 
t ' of the tooth. 

aber of arms a pulley should have will 
• to the diameter. Up to 10 inches. 
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. web, or 4 arms ; from 10 to 1 8 inches diameter, 
s; from 18 to 42 inches, 6 arms; and from 42 

inches,* 8 arms. 

lie it is advisable to abolish all sharp comers 
stings, great care is necessary in applying 

as very large fillets, tmder some conditions, 
become a source of weakness to a casting 
d of adding strength. A casting is strongest 
the metal is most uniformly distributed. 



XXIV. 

STANDARD PATTERNS. 

Standard patterns when made of wood and 
which are often used should be made very durable. 
They should be made wholly or in part of hard 
wood, such as mahogany or cherry. Where dowel- 
pins are necessary they should be of metal. The 
metal dowel-pin should be about ij" long and 
cylindrical for about I" from the plate, then taper 
fV" to the point, which should be rounded. Made 
thus the plate can be set a little below the joint of 
the pattern and not interfere with the parts joining 
tr)gcther properly. Wood dowel-pins answer their 
j)urj)ose very well for ordinary patterns and are 
chcaj)cr than metal, but when a pattern with wood 
pins is often used the pins are liable to stick by 
becoming damp and swelling. When this occurs, 
very likely the moulder will enlarge the holes to 
such an extent that the doweled parts will not retain 
ir j)roy)er position while being rammed up in the 
r], and the result is a distorted casting. Rap- 
nd (lraw-])lates are great pattern-savers and 
'^ay their cost when fitted to patterns 

1^ 
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3 used for many castings. There are several* 
f rapping- and draw-plates on the market 
asonable in price. Unless for a very large 
, plates combining both rapping and draw 
> are the most convenient. 



XXV. 

GLUE AND ITS USE. 

Glue is indispensable in pattern work, but it is 
not every pattern-maker that can do a first-<:lass 
job of gluing. The first essential for a good job of 
gluing is good glue. Ttie author has always found 
the best Irish glue thoroughly reliable. With this 
glue in the hands of a competent workman who 
understands its use, there is no excuse for a bad 
gluing job. The glue should always be applied 
hot. Prepared liquid glues that can be applied 
without heating them are very convenient and will 
hold well for a while, but their adhcvsiveness seems 
to deteriorate with age and they are not so durable 
as glue applied hot. When large surfaces are to 
be glued the work should be warmed where possi- 
ble. Pattern-shops are not usually provided with 
a special room that can be heated for gluing work. 
Where there is no special room for gluing up work 
it is advisable to heat the work previous to applying 
the glue. A good substitute is a steam-box. Such a 
^KflL can be made of tongue-and-groove partition- 
and need not be very expensive. A couve- 

i68 
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nient size inside is about 16 ft. 6 in. long, 24 in. wide, 
and 24 in. deep. The cover should be hinged and 
in two parts as to length. A coil of i-in. steam- 
pipe running along the bottom of this box should 
supply the heat. The box should be located con- 
venient to the glue-heater. 



LOOSE PIECES. 

Loose pieces on patterns, although objectionable, 
cannot in many cases be avoided. They are often 
less objectionable than cores. When it becomes 
necessary to choose between a core and a loose 
piece the latter will generally prove the better 
because it will insure a truer casting. A core is 
especially liable to become misshapen by dressing 
and handling. Loose pieces are usually attached to 
patterns with draw-pins. Common brad^ with the 
end bent near the head make excellent driiw-pins. 
In some cases it is advisable to fit loose pieces with 
dovetail tenons because when so fitted they are 
less liable to be misplaced while ramming up the 
mould. In fitting loose pieces with dovetails it is 
the practice wth many pattern-makers to make the 
tenons parallel in thickness and have the taper on 
the two bevel edges only. This is objectionable, as 
they are liable to stick when so made. To insure 
the pattern being drawn easily and leaving the 
loose piece in the mould without distorting it, the 
dovetail tenons should be tapered both in width 
and thickness. 



XXVII. 

WOOD LAGGING FOR AN ELBOW. 

In covering steam-pipes with materials of low heat- 
conducting properties for the purpose of retaining 
heat that would otherwise be dissipated, it is neces- 
sary, especially on vessels, to cover the non-con- 
ducting material itself, and thus increase its dura- 
bility while giving it an appropriate finish. For this 
I outside covering black-walnut lagging is largely 
employed. This work is usually done by pattern- 
makers. 

In work of this kind peculiar shapes are frequently 
encountered which tax the skill and ingenuity of 
the workman in his effort to satisfactorily cover 
them. The most common are bends of pipes. 

Figs. 173 and 174 show the different stages in 
constructing a right-angle bend for a pipe of wood 
'^Sguig. On a suitable board, circles of the exterior 
and interior diameters of the bend are described, 
and from these the number of pieces or segments 
to compose the bend is determined. The cuts 
show a bend composed of twelve pieces, six in each 
half. 

171 



172 THE ART OF PATTERN-MAKING. 

The material is first brought to the required 
thickness, according to the location of the several 
segments in the bend, as shown by i, 2, 3, 4, 5, and 
6, Fig. 173. These are all the pieces which compose 
one half the bend, 6 joining next to i, 5 next to 2, 
and 4 next to 3. The different segments can be laid 
off directly on the material, but by the use of pre- 
pared templets the material can often be worked 
to better advantage. 

The figures show a plan and section of the 
different pieces and clearly illustrate the method of 
laying them off. 

After the curvature of the pieces has been worked 
out, the next thing in order is to bevel the edges 
that the pieces may closely join when assembled. 
This bevel is required to be a radial- line of the- cir- 
cles, Fig. 174. The thicker or outside segments are 
most conveniently beveled from the- sides which are 
to be curved, and the thinner or inside pieces from 
the top or flat side. 

The required thickness of the segments being 
gauged after beveling, they are worked to the ex- 
terior circle by templet. The insides are next worked 
out, which may be done roughly, as with these parts 
it is only necessary to approximate the circle. 

A\'hen preparing to assemble the segments an 
outline of the bend is laid off on the board, and to 
this are secured semicircular blocks of the inside 
diameter at each end of the bend. As the segments 
are assembled, they are made to fit these blocks, 
wliieli serve at once as guides atvd supports. Pieces 
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Fig. 173. 




Fig. 174. 
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of pine block glued to the segments will be found 
convenient for securing them to the board upon 
which they rest. These blocks are easily removed 
when the bend is to be finished. 

If the segments have been accurately worked 
and have not warped, little fitting will be necessary 
when assembling them. After a segment has been 
fitted and is ready to be doweled to its neighbor, a 
bead is worked on one edge. For this purpose a 
piece of saw-blade or other thin steel filed to form a 
bead and fixed to a gauge made for the purpose is 
convenient, the bead being formed rather by scrap- 
ing than by shaving. 

When one half the bend has been completed, 
except to finishing, it is to be inverted, and the other 
half assembled upon it, this last being performed 
in a manner similar to that of the previous half. 

If preferred, both halves may be assembled on the 
board, right and left, and if due care be exercised 
they will match properly. 





xx\^II. 

THE LATHE AND LATHE-WORK. 

The first essential for doing good lathe-work is a 
ffood pattern-maker's lathe, which should be per- 
fectly balanced and run steadily. When not spe- 
ciaJly designed for very small work it should be 
Pi^ovided with a traveling carriage and slide-rest, 
^Iso with outside or overhanging face-plate and 
^CK)r-stand. The various appurtenances, such as 
^ttxicks, face-plates, drivers, centers, etc., have much 
^ do with a lathe's usefulness. 

Some ingenious and handy fixtures for the 
^^"the have been described. They are here repro- 
^^^ced, with some modifications and additions, in 
^igs. 175 and 176. 

Referring to Fig. 175, a represents a driver which 
P^ossesses some points of merit for large work. 

With the ordinary spur driver with the spurs 
ftxed and projecting nearly to the point of the 
Center it is often difficult to readily swing the work 
between the centers. With this driver the chisel- 
points which do the driving are made adjustable by 
means of a collar with a screw-thread on its inner 
drcumference. The driving points move in grooves 
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cut into the projecting end of the driver. These 
are threaded on their outer surface to match the 
collar. By this arrangement the driving points 
can be kept well out of the way until the work is 
swung between the centers. After the work has 
been swung the driving points can be moved out 
and forced into the work by revolving the collar 
and allowing it to bear against the end of the body 
of the screw-box. When the driving points are to 
be released the collar is revolved in the opposite 
direction. The points can then be withdrawn. 

b shows another kind of driver, convenient 
where it becomes necessary to remove and again 
replace the work in the lathe. In such cases 
it insures the work being centered in the second 
instance exactly as it was in the first. The con- 
centric rings on the driver should have the taper 
on their inner circumference and have their periph- 
ery parallel with the axis of the lathe. This will 
prevent any tendency, especially with parted work, 
to move outward. 

c shows the ordinary socket-chuck to screw on 
the spindle. In some cases the hole for holding the 
\vr>rk is wrongly made square. It should always 
\)v. marie circular and have a taper in the proportion 
of r>ne inch per foot. 

(I shows a driver similar to b intended for smaller 
work and to fit the socket in the lathe-spindle. 

c sliows a good form of driver. It is made cylin- 
(Jri( al and then milled away at the end so as to leave 

central spur and fo\u: chisel-potnts» for driving. 
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/ shows a tail-stock center with a central spW 
and a concentric ring. In using this center it 
good practice to fill this cavity with tallow or Albany 
grease before inserting it into the work, as it is diffi- 
cult to oil when in the work. Every pattern-maker 
Itnows the difficulty even when the work has been 
centered in the first instance, of keeping it so in the 
when using the ordinary single-spur centers, 
the concentric-ring centers and drivers there 
:le liability of the work shifting after once 
i'mg secured in the lathe, and should the work 
require removal from the lathe, it can be replaced 
Kactly as it was before removal, 

g shows a handy chuck where it is important to 
iiave the work accurately parted in the center. One 
side of the work is made longer than the other, and 
this long side is secured to the chuck by screws. 
'^ chuck's ccffistruction and application are so 
plainly shown as to make fin-ther explanation 
iWnecessary. 

In preparing jointed work for the lathe, espe- 
cially that which is to swing between centers, and 
Wiien sufficient time will permit, have the pieces of 
ample length and glue them together outside of 
the finished length. The glued part can be cut off 
after the work is removed from the lathe. 

In Fig. 176, h shows a face-plate with a central 
boss finished to size and trued on the spindle of the 
lathe. The boss is to fit a hole bored into the woric 
to be operated upon. A convenient size for the 
boss is one inch diameter and one-quarter inch 
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long. The dotted lines serve to illustrate one of 
the most satisfactory operations of this simple fix- 
ttire. The blank shown is finished on both sides, 
In operating on the first side a recess is turned in 
the center of the exact size to fit the boss on the 
face-plate. This instu^s the work being reversed and 
rechucked with acctiracy. The recesses are also 
convenient for locating core-prints which are to be 
turned with a pin to fit the recess. 

i shows a similar face-plate of smaller dimen- 
sions. The wood-screw shown in the center of 
the face-plate is preferable to the usual taper 
screw, because it is not so liable to split the work. 
The screw should fit the hole in the plate tight, but 
not so much so as to prevent its being backed out 
in case it is desired to use screws of different lengths. 

For boring the recess to fit the center boss on the 
face-plate, a bit, m, should be prepared — s, Porstner 
bit preferred. The bit should be kept handy to 
the lathe and not allowed to be used for any other 
purpose than that for which it is intended. 

A great advantage will result from the adoption 
of a system for core-prints and have all core-prints 
conform to it. All core-prints for both drag and 
cope should be made tapered and core-boxes made 
so that the cores will fit the impressions made by 
the prints and not have cores larger than the prints, 
as is too often the case. In making core-boxes for 
cr)r('s which set vertically in the mould, it is the com- 
mon practice to make the lower or drag print slightly 
ipered and the end of the core-box straight or cylin- 
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drical. Thus made there is always a liability of the 
core inclining, for the reason that the core when being 
set is apt to cut into one side of its seat as shown 
at /. When the print is given sufficient taper and the 
core-box made to suit it, there is less liability of the 
core not being properly set as shown at n. The pin 
on core-prints will be found advantageous when at 
any time it is desired to change the size of the core. 
A good standard for the taper of drag-prints is one- 
eighth inch in diameter for one inch in length ; and 
for cope core-prints, one-qtiarter inch in diameter 
for one inch in length. 

To facilitate the practice of this system of core- 
prints it is necessary to provide gauges similar to 
those shown at k for the drag, and at ; for the cope 
core-prints. By means of • these gauges^ the pins 
on the core-prints and the recesses for them in the 
pattern can be sized. Also the size and length of 
the prints gauged. A convenient place near the 
lathe should be provided for the gauges and bit, and 
care taken that they are always in their place when 
wanted for use. 




XXIX. 

HOW TO MAKE A WOODEN FACE-PLATE. 

A COMMON way of making wooden face-plates for 
the hthe is to secure a plain wood plate to a cross. 
When using hand screws with a plate made thus 
some of the screws are required to be set open to suit 
the thickness of the work and plate and others to 




suit the thickness of the cross in addition. This 
condition often causes vexation by picking up the 
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wrong screw in the hurry necessary when gluing 

up work. The annoyance thus occasioned may be 

avoided by securing segments of the thickness of 

the cross around the edge of the plate between the 

cross (see Fig. 177), then all hand-screws are reqtiired 

to be opened alike. 
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MARKING, RECORDING. AND STORING 

PATTERNS. 

It is now being recognized that patterns repre- 
sent a large amount of money with some establish- 
ments, and economy requires that they should be 
properly cared for. Every concern using patterns 
to any extent should have a system of marking, 
recording, and storing them, and should not depend 
on the memory of persons for their identity and 
location. With a proper system any person of 
ordinar}^ intelligence can be placed in charge of the 
pattern storage in case of the absence of the regular 
man whose business it is to take care of the patterns 
when the foundry has finished with them. 

The nomenclature of machines and their various 
parts should originate and be decided upon in the 
draughtsmen's department, and this information 
shrmld always be noted on the drawing. It is too 
often the case that the name of the machine or its 
parts is left to be decided upon in the pattern de- 
partment. By the name, etc., being noted on the 
drawing there would in many cases be less diflBculty 
'n identifying a pattern. 
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Several systems are in use for marking and record- 
^g patterns, each having its merits and demerits- 
Some simply stencil or paint a number on the pattern 
^d have a pattern accession-book in which the 
patterns are recorded. This system to be efficient 
needs to be combined with their proper care and 
storage, a feature too often neglected. This system 
has the disadvantage of the number, etc., becoming 
obliterated by continued use and neglect; but this 
objection can be overcome by renewing the stenciling 
when obscurity by wear becomes liable. With 
proper care stenciling will prove more durable than 
one would suppose who has had no experience with it. 
Another method of marking is to stamp the 
number and name on the patterns with stencil-cutters. 
This indelibly marks it. The number of the pat- 
tern with whatever other necessary information in 
connection with it is recorded in a pattern-book. 

It is desirable, especially when standard or particu- 
lar lines of machines are manufactured, to have some 
mark to appear on the machine or its parts to enable 
them to be readily identified and to facilitate filling 
orders for such machines or their parts. 

The system I would recommend, especially for 
establishments using a large quantity or a great 
variety of patterns, is: 

I. Classify the patterns by placing in a class all 
similar machines. Where a machine is extensive 
and consists of many parts it may be given a class 
mark of its own. The different classes to be in- 
dicated by a letter or combination of ^''' ^, 
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2. Give each pattern a number. Where a pat- 
tern consists of a ntunber of pieces, give each piece 
the same number as the main part of the patteni. 
Mark all core-boxes to correspond with class and 
number of their respective patterns. 

3. Mark the pattern, its loose pieces, and core- 
boxes by stamping with stencil-cutters, and in 
addition secure raised letters and figures, for class 
and numbers, to the pattern so that they will appear 
on the casting. The advantage of stamping be- 
sides the lead figures, etc., is that if a figure becomes 



Machine 



Parts 



Castings 



Chamber for 
12'Siop Voire. 



3 neees 
4 C Boxes. 



IHght. IWt. 
Ckist Iron. 



Retnarks. 

Made to change to 

right and left* 



Fig. 178. 



\(>'X from the pattern, the correct number will re- 
Tri.ijii IT) the stamp and the loss will thereby be 
rnoi c naflily cliseovered. In affixing the lead letters 
ai.'i fi;nin;s to the pattern it is advisable to nail 
bcin and not depend on shellac alone to hold them. 
4. Provide small printed forms, similar to the 
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nple sho'wn in Fig. 178, to be filled in with pen 
1 ink. The information on these forms, which 
a be about 2"X2", should give the name and 
iTt of the machine the pattern is intended for, the 
imber of pieces composing it, also the number 
: core-boxes belonging to the pattern, the number 
nd kind of castings, and any other information 
ieemed essential. These forms are to be fastened 
vith shellac to a part of the pattern subject to the 
Uast wear, and when fixed are to be given two coats 
of shellac. Thus treated they will prove quite dur- 
able. The miscellaneous is likely to be the largest 
class of patterns. There are, however, many pat- 
terns of this class carried from year to year and 
never used that should be destroyed after being 
employed for the purpose for which they were made. 
The pattern storeroom should not be enctmibered 
with a lot of patterns not likely to be used again for 
the purpose for which they were made. 

For recording the patterns the card system pos- 
sesses many advantages over recording in a book. 
The cards can be in duplicate or triplicate as deemed 
desirable for use in the drawing-room, pattern-shop, 
and pattern storeroom. All information about the 
pattern likely to be needed can be recorded on the 
card. Moreover, any change that becomes neces- 
sary can be readily noted on the card or a new 
card substituted. A desirable size for the record- 
ing cards is 3 J" X si". A sample card is here shown 

(Fig. 179). ^ . 

The pattern storeroom should be divided into sec- 
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ions and marked to correspond with the class let- 
ters on the pattern. 

When an order for castings from a pattern is 
completed in the foundry the man assigned to care 
for patterns should collect all pieces, core-boxes, 
etc., belonging to the, pattern and clean them. Any 
repair needed should be done before the pattern is 
stored away. The pattern should then be stored 
in the section assigned to the class to which it 
belongs. When patterns are sent away to have 
castings made at a distant fotmdry the fact with 
any other necessary information can be noted on 
slips and filed with record-cards of the patterns in 
the card-rack — ^the slips to be removed from the 
card-rack when the patterns are returned. 
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XXXI. 

SECTIONAL LINING IN MECHANICAL 

DRAWINGS. 

With the general use of blue-prints in place of 
tracings, as formerly used for mechanical working 
drawings, it becomes necessary to adopt some par- 
ticular marking when it is desired to designate the 
material to be employed. An effort is being made 
by the leading draughtsmen and technical journals 
to systematize the marking of mechanical drawings 
in this respect. Fig. i8o shows the markings most 

generally used at present. 
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XXXII. 
PRACTICAL GEOMETRY. 

A KNOWLEDGE of eveii the rudiments of geometry 
is of great assistance to pattern-makers. The fol- 
lowing geometrical problems, Figs. 181-192, are 
selected because of their more general practical ap- 
plication. If workmen will practice and familiarize 
themselves with their principles, they will add ma- 
terially to a knowledge that Yn31 greatly benefit them 
in 'laying off w^ork. 

Yig. 181 illustrates the construction of a square on 
a given length of line. It also teaches how to erect 
a jjcrpendicular on the line and at the end of it. 
Bisect the line ab, of given length; from the extrem- 
ities a and b describe the intersecting arcs c; a 
line drawn from c to the bisection of ab will be per- 
jjenrlicular to the latter line. With one half the line 
ah as a radius, describe an arc from the point of 
bisection 0, intersecting the perpendicular at d; sl 
line drawn from b through d will produce a diago- 
nal of the square. With the distance db as a ra- 
dius, from the point d describe an arc intersecting 
ah aiifl the rliagonal at c; a line drawn from this 

''ust intersection to a will be perpendicular to the 
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line ab and equal to its length, thus completing 
two sides of the square. With the distance ab or 
ac from the points e and h describe the intersecting 
arcs /. Lines df awn from this intersection to h and 
e will complete the square. 

Fig. 182 shows how to describe an octagon in a 
given square. Construct the square as in Fig. 181. 
With one half of the diagonal as a radius, and from 
the points a, 6, e^ /, describe arcs intersecting the 
sides of the square, as gh, etc. ; lines connecting 
these intersections will produce the octagon. 

Fig. 183. To describe a hexagon in a circle. 
Draw center line and set off the diameter, ab. From 
a and b as centers, with distance ao and bo from 
a and fc, cut the circle at cm and en. Connect these 
points with lines to complete the hexagon. 

To describe a hexagon about a circle using Fig. 183. 
Draw center line of indefinite length and set fg for 
diameter. With radius of describe an arc of circle 
from f to h with the radius; connect fh with line. 
Draw o/t and extend indefinitely. Draw a tangent 
to the circle parallel with the line fh and intersecting 
radii at a and m. From as a center, with radius 
oa describe circle. From a and b as centers cut the 
circle with the radius and connect the intersections 
with lines as in the previous case. 

Fig. 184. To describe a regular polygon of any 
required number of sides. From point o, with dis- 
tance 06, describe semicircle b and a, which divide 
into as many parts, a, c, d, e, /, b, as the polygon 
has sides. 
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Thus let a pentagon be required. From o to the 
second point, d^ draw od, and through the other 
points, e and /, draw lines extending indefinitely. 
Apply distance ob from bXoh and from dto g. Con- 
nect these points. Or describe a circle intersect- 
ing obd, which will determine the points g and h. 

Fig. 185. To find the center of a triangle. Bi- 
sect the sides of the triangle, as a, b, c. From a, 6, 
and c draw lines to the angle opposite each, inter- 
secting at dy the center. 

Fig. 186. To bisect inclination of two lines when 
point of intersection is inaccessible. Upon given 
lines ab and cd at any point draw perpendiculars 
eo and sr of equal lengths, and from o and 5 draw 
parallels to their respective lines intersecting at n. 
Bisect the angle ons, and connect mn with a line 
which will bisect the lines as required. 

Im^. 187. To find the center of radius of an arc. 
1 )i\i(le the arc into equal parts, as a, 6,; c. From a, fc, 
and c as centers, with a radius greater than 
llunr distance apart, describe intersecting arcs, as 
(Jc and ff^y both inside and outside of the arc. Draw 
lines through these intersections and extend them 
until they meet in the apex, as at h, which will" be 
thci center of the circle of which the arc is a 
])art. 

\'\^. 188. To describe a circular segment which 

will fill the angle between two diverging lines. Bi- 

the lines a, &, d, ^bylines ^, /, and connect per- 

ulars thereto to define the boundary of a 

to be described. Bisect angles at b and d 
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"by lines intersecting at o, and from o, with radius 
0€, describe arc men. 

Fig. 189. To draw from or to the circvimference 
of a circle lines leading to an inaccessible center. 
Divide the whole or any portion of the circum- 
ference into the desired ntimber of equal parts, as 
a, 6, c, and o\ then with any radius less than the 
distance of two divisions, describe intersecting arcs, 
asd, e, f. Draw lines from d to b, e to c, and / to 0, 
and they will lead to the center. 

Fig. 190. To draw a spiral about a given point. 
Assume c the center. Draw ab and divide into 
twice the number of parts that there are to be 
revolutions of line. From c describe the semi- 
f circles d,e,f\ bisect the distance between c and d at 
^» and from o as a center describe semicircles g, Ii, i. 

Pig. 191. To describe an ellipse, approximately, by 
Circular arcs. Draw major axis gh and minor axis ik, 
^^t off their difference in length from o to a, and 
from to c draw line ac\ bisect its length and set off 
*^lf from a to r ; draw rs parallel to ac. Set off on 
^qual to or, and om equal to os ; from s and m draw 
l^es through n and r, extending them indefinitely; 
from n and r as centers, with radius r/z, draw the 
^rcs dhf and bge\ from s and m as centers, with 
radius 5/, draw the arcs ekf and bid. 

Note: This method is not satisfactory when the 
^or axis is less than two thirds of the major. 
An oval may be similarly described by circular 
arcs with any difference of major and minor 
axis. 
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Fig. 192. To describe an elUpse to any length 
and breadth. Draw the major axis cd and minor 
axis ef\ from c and d as centers, with distance 
of half the major axis, describe arcs intersecting 
the major axis at h and i. Insert pins at k 
and i, and loop a string around them of such 
length that when a pencil is introduced within it 
will just reach to e or /. Bear upon the string and 
sweep around the center o, and an ellii>se will be 
described. When an elliptograph is not available 
and the ellipse is to be constructed by points, the 
best and most acctirate method of doing it is that 
shown by Fig. 193. 
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Fig. 193. 



I-ct UB be the major and AC the minor axis, 
ir't(frs(-(:ting at right angles at the center O. With 
^ ^ ''s a center and OC as a radius describe a circle. 
'■ '''Hi tlie same center, with OD as a radius, describe 
'^iJ'>llier eirele. Divide the larger circle into any 
•iniljer of equal parts, and from these intersections 
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draw radii which will also divide the inner circle 

correspondingly. From the points of intersection 

on the outer circle, as i, 2, 3, etc., draw lines parallel 

"With the minor axis, and from the intersections on 

the inner circle, as i, 2, 3, etc., draw lines parallel 

'with the major axis. The intersection of these 

lines, as at a, 6, c, etc., will determine the curve of 

^ellipse. 



XXXIII. 
SOME USEFUL RULES FOR THE SHOa ^ 

Thb following problems axe frequently met 
in the workshops of various trades, especially 
pattern-making. They are readily solved with 
aid of a few figures, and the rules for doing so 
easily applied, and require no higher knowledge 
mathematics than that of arithmetic. 

Probably the problem most frequently en< 
tered is to find the radius of an arc of a ci 
that will intersect three given points. (See Fig. 194.] 
It can be f otmd by the following rule : Divide the?^ 
square of half the chord by the versed sine, ory^ 
height, and to the quotient add the versed sine. 
This sum will then equal the diameter. Example: 
Let the chord of the arc equal 60 inches and the 
versed sine 10 inches; required the radius. 

One half the chord 60/2 = 30 inches 

The square of half the chord. ... 30 X 30 = 900 inches 
Square of half -chord divided by 

versed sine 900/10 = 90 inches 

Diameter equals 90 + 10 = 100 inches 

Radius equals 100/2 = 50 inches 

If it should be fotmd inconvenient to describe 
tlie arc with trammels in consequence of the circle 

800 
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being very large or the center inaccessible, it may . 
be described as follows, when the chord of the arc 
and versed sine are determined : Drive a wire brad 
at each extremity of the chord and also at the end 
of the versed sine. Then provide two straight- 
edges ; the length of each must not be less than the 
length of the chord. Let the straight-edges bear 
against the brads at the ends of the chord, and one 
end of each bear against the brad at the end of the 
versed sine. In this position secure the straight 
edges together. Now withdraw the brad at the 
end of the versed sine and insert a scriber in the 
apex of the angle formed by the straight-edges. By 
moving the templet to the right and left while bear- 
ing against the brads at the ends of the chord, the 
desired arc will be described. (Fig. 195.) 

When it is inconvenient to describe the arc by 
either of the foregoing methods, it may be arrived 
at by laying down the arc to a scale, erecting ordi- 
nates from the chord, and from the dimensions thus 
obtained develop to full size. The chord can be 
laid down full size, the ordinates erected from it, 
and with the aid of a batten intersecting their 
extremities the arc can be described. (Fig. 196.) 
But if greater accuracy is desired than is obtain- 
able by this method, the arc may be determined by 
computing the length of the ordinates. 

Let the diameter equal 304 feet. 

Let the chord equal 24 feet. 

In this case the first dimension to be foimd is the 
height of the versed sine, which is determined by 
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the following nile: Subtract the square of half 
the chord from the square of the radius and extract 
the square root of the difference ; subtract this root 
from the radius, and the remainder equals the versed 
sine. Example : 

Radius equals 304/2 = 152 feet 

Half-chord equals 24/2 = 12 feet 

152'— 12^ = 23104— 144 = 22960. ^22960 = 151.5256 
Versed sine = i52 — 151.5256 = .4744 feet. 

The versed sine being determined, the ordinates 
are found by the following rule : Locate the distance 
of the ordinates from the versed sine. Subtract 
the square of this distance from the square of the 
radius and extract the square root of the difference. 
Subtract the versed sine from the radius and then 
subtract this remainder from the root previously 
found, and the remainder is the required ordinate. 

The difference of the versed sine and radius will 
be a constant in finding all of the ordinates. 

As the distance from the versed sine is increased 
and the end of the chord is approached, accuracy is 
enhanced by diminishing the distance between the 
ordinates. Example : 

I52» = 23i04 
4*- 16 

Diflf.-- 23088 

\/23o88 = 1 51.9473 

iS2-.4744 = iSi-5256 

151.9473 — 151. 5256 = .4217 ordinate. 
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Similarly the other ordinates are deterinined. 

Vi52»-8»- 151.5256 = .2657 =Oj 
\/i52'-io'-isi. 5256 = . 1451-0, 

a 

Vi52»-ii»- 151.5256 = .0758=0, 
Vi52'-iii»- 151.5256 = .0387=0. 

Another problem frequently met with in laying 
off work is to form an offset; that is, to join two 
parallel lines with a compotmd ciirve either by 
employing two different radii or a similar radius 
for both sides. , 

Having acquired the rule for conaputing the radius 
when the versed sine and chord of the arc are given, 
it becomes a simple matter for any one to compute the 
radii for this problem. In Fig. 197 it is required to 
have a uniform offset of three inches in a length of 
nine inches. The half -chord is one half of nine, 
or 4.V inches, and the versed sine is one half the 
offset, or i\ inches. The center line of offset must 
be joined first, and from the centers thus determined 
the outside curves are described. By the rule 
^nven, Fig. 194, the diameter = 4.sVi.5.-M.5 =15 
inches. Radius equals 15/2 = 7^ inches. 

A peculiarity regarding this problem is that 
for like offsets the sum of the radii will always 
])e erjual, whether two similar or dissimilar radii 
arc employed. For instance, it is shown, (feig. 197) 
th-al for an offset of three inches in nme, with 
similar radii of ciu*vature, the sum of the radii is 15 
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inches. If it should be desired to have one raditis 
twice as great as the other, it is only necessary to 
take § of 15, or 10, for one raditis and J of 15, or 5, for 
the other (Fig. 198). Or if it is desired to divide 
into J and \y the radius will be respectively 11} 
and 3}. This principle is graphically illustrated by 
Fig. 198. 

There are many other such problems as the fore- 
going that are frequently met with in laying off 
work, and for the solution of which the cut-and-try 
method is employed, when by the use of a little 
arithmetic, wth a knowledge of the principles in- 
volved, a solution could be obtained more readily. 

Let it be required to cut a square out of a round 
stock, as in the case of a nut where a part of the 
length is cylindrical and a part square, the length 
of the side of the square only being given. To find 
the diameter to turn the cylinder, the majority of 
workmen would lay down the square and measure 
across the comers; but it can be computed more 
readily by the following rule : Multiply the length of 
side by 1.4 142, and the product is the distance 
across the comers, or the diameter of the circimi- 
scribing circle. Example: The side of a square is 
3 inches ; required the diameter of the circiunscribing 
circle. 

:;/ 1. 4142 =4.2426 inches. (See Fig. 199.) 

If, instead of a square, it is desired to find the 

cirr:umscriVjing circle of a hexagon, use the following 

Multiply the distance across the sides by 

Example : The distance across the sides of 
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a hexagon is 3 inches; required the diameter of 
the circumscribing circle. 

3X1.1547=3.4641 inches. (Fig. 200.) 
To find the circumscribing circle of an octagon, 
multiply the distance across the sides by 1.0824. 
Example : The distance across the sides of an octa- 
gon being 3 inches, required the diameter of the 
circumscribing circle. 

3X1.0824 = 3.2472 inches. (Fig. 201.) 
A problem of common occurrence is to divide 
a given length into a ntmiber of equal parts, each 
part being separated by some object, as a rib or 
bracket. (Fig. 202.) 
t The usual way of working out this is to repeatedly 
try until the desired spacing is accomplished. I 
We found the following to be a convenient way 
of arriving at the proper spacing when the ribs are 
of uniform thickness. From the entire length sub- 
tract the thickness of one of the ribs and divide the 
remainder by the nimiber of spaces, and the quo- 
tient will be equal to a space and a rib. With this 
distance begin at the inside edge of one of the ribs, 
as at a, and step off, terminating at the outside 
edge of the rib at the opposite end, as 6. Then 
reverse this operation, beginning at c and terminat- 
ing at d. 

Example : A length of 90 inches, having five ribs 
2 inches thick, is required to be divided into four 
parts and the ribs to be of equal distance apart. 
9o-2«=88 
88/4 = 22 ==the distance to step off with. 
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Of the varioiis methods of constructing right 
angles without the aid of a square, the two following 
are the most convenient (Fig. 203). A triangle hav- 
ing its sides 3, 4, and 5 in length, or in this proportion, 
has one angle at right angles. Lay off AB eqtial to a 
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A 





k'Tii^th of 4. With a length of 5 and with one point 
of the dividers at .1 describe an arc. With a length 
of ;, and with one point of the dividers at B describe 
jother arc at C. Draw right lines from the inter- 
ions of the arcs to .4 and B, The triangle thus 
td will have one right angle. 
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An angle cirGumscribed by a semicircle is a right 
angle (Fig. 204). Draw the line AB. Set a pair 
of dividers to any convenient distance and, with one 
point above the line, describe a semicircle inter- 
secting the point B and the line between A and B ; 
draw a line from this last intersection through the 
center intersecting the opposite side of the semi- 

FlG. 202. 
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circle at C\ draw a right line from C to B, and the 
angle thus formed will be a right angle. 

To find the weight, length, or area of castings of 
the different metals in ordinary use. 
Let i4=area; 
L= length; 
W = weight ; 
C = weight ot a cubic incli oi Trve\;a\* 
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C = .o926 for cast aluraintim; 



^=.2482 " 


zinc ; 


C=.36o7 " 


' iron ; 


C = .z84 " 


steel; 


C = ..93 " 


' brass; 


C--.3I65 " 


bronze gun-metal 


C = .3i79 " ' 


copper; 


C = .4io6 " ' 


lead: 



Example: Required the 
inches long, 2 inches in 
weight per cubic inch; its r 

^XLXC-iy = 3.i4i6X2. 

^ A 19-656 
LXC 24X.3607 

^y r ^9.656 

AxC 



ght of cast iron, 
eter; its length, and. 



.2607 = 19.656, wt. 

= 3.14 6 sq. inches, area. 



= L = - 



AxL 



3.1416X.2607 

19-656 . 
3.1416x24 



24 in. long. 



2607, wt. cubic inch. 



To find the approximate weight of casting from 
weight of pattern. 

The a\-critge weight of a cubic inch of the pine 
lumber used for patterns is about .015 pound- 
.2607 
.015 
than the pine. 

When a pattern does not contain cores, or where 
due allowance is made for cores 'and core-prints, 
an approximation of the weight of a casting may 
be arrived at by weighing the pattern and multi- 



Then cast iron is ■ 



or 17.38 times heavier 
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)lying its weight by the following tabular number 
x^cording to the metal required: 

Cast aluminum 6.17 

zinc 16.5 

iron 17 38 

steel 18.9 

brass 19 • 33 

bronze, G. M 2 1 . i 

copper 21.2 

lead 27.37 
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HANDY TOOLS FOR PATTERN-MAtCERS. 
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Figs. 205-208 show several. handy devices for 
pattern-makers which, while • they- are not new, 
should be better known and more generally used: 

Fig. 205 shows three views of the centering-plate, 
which is very convenient when describing a semi- 
circle from a center situated on the edge of the work. 
It is made of brass about one-sixteenth inch thick. 
The semicircles a and h can be respectively about 
one and a half inches and one-half inch diameter, and 
should have their edges bevelled to allow the indi- 
cator marks to come close to the center line on the 
work. The apron, c, is about one-half inch wide and 
one-eighth thick. It projects perpendicularly from 
the under side of the plate and is the division be- 
tween the two semicircles. The centers d and e 
for the divider-point are located over the edges of 
the apron. A line is scribed on the plate at right 
angles to the apron, passing through the two centers 
and extending to edges of the semicircles. 

Fig. 206 represents the plate in use. A center 
line is scribed on the piece of work. The plate is 
held by one hand and adjusted to make the apron 
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bear against the edge of the piece of work, and the 
indicator mark on the edge of the semicircle to 
match the center line on the work. 

The large semicircle is applied for circles larger 
than its diameter, and the smaller for circles between 
the two diameters on the plate. 

Fig. 207 shows a simple and excellent little tool 
for rounding the comers of patterns, a is a longi- 
tudinal section, b a view of the working face, and 
c a section on the line de. It is advisable to have 
about three of these tools, one for an eighth, one 
for a quarter, and one for three-eighths radius. The 
cutter, which is illustrated full size for quarter inch, 
is made of steel, about two and a half inches, 
and including the handle, about five inches long. 
Pattern-makers using these tools appreciate their 
value. 

Fig. 208 shows a convenient device for obtaining 
the radii and laying off segments, a is a plan, and b 
a section. As illustrated it is intended for sixths 
of a circle, or a 60-degree angle. A brass plate hav- 
ing a small hole is fitted at the apex of an angle. 
The hole is intended for a center in setting the 
trammels, and is situated about one-tenth inch from 
the inside of the angle, to allow for fitting on the 
ends of the segments. Beginning at the center of 
the hole, one side of the triangle is graduated and 
marked in inches and fractions of an inch. 

There should be several of these angles kept in 
a convenient place for the use of the shop. One 
should be for quarters, or 90 degrees. Two sizes 
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are necessary for sixths, or 60 degrees; one ad- 
mitting of 15 inches and one of 30 inches radius. 
The one for eighths, or 45 degrees, should admit of 
a radius of at least 36 inches. 

When preparing for a job of segment work it is 
the common practice to make a pattern to mark 
off the segments by. In using this segment gauge, 
as it may be called, the width of the piece intended 
for .the pattern is immaterial if it is of sufficient size 
fox the segment. It is simply necessary to secure 
the gauge to the piece of board, and the center of the 
circle will at the same time be located. The trammel 
can then be set by the graduations on the side of 
the triangle, the segment scribed, and its ends 
marked at the insides of the triangle. 



XXXV. 

METHOD OF MAKING SPECIAL SHRINKAGE 

RULES. 



Pattern-makers sometimes require a special 
shrinkage rule that is not usually made or to be 
found for sale. 

Figs. 209, 210 show a method of making such a 
rule by hand graduation, which when expertly done 
will give entire satisfaction. 
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Fig. 209. 

Secure a U. S. standard rule to a board so as to 

have the upper surface clear. Select a suitable 

piece of wood, preferably box, beech, or maple, 

make the piece perfectly straight, of the same 

thickness as the standard and somewhat longer 

than the required finished length. 

Lay off from the end of the standard rule the 
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additional length for the particular ptupose re- 
qtdred. With the radius AB, and one point of 
the trammel at A^ describe an arc intersecting a 
line drawn at right angles from the end of the 
standard rule at C\ Secure the blank to the board 
with its inner edge intersecting the points A and C. 
Make a gauge, D, of thin sheet steel with a guide 
flange turned down to bear against the outer edge 
of the blank. 

The marking-tool should be thin and sharp and 
held in the same position d\iring the graduation. A 
great deal depends upon this to secure accuracy. 




■A HANDY STRAIGHT-EDGE FOR MARKING. 



When truing up a surface with a bench-plane it is 
the usual custom to use a straight-edge coated with 
chalk or some colored material, to mark the h 
places on the board. This substance is soon worn I 
off by the repeated use of the straight-edge e 
consequently requires frequent renewal. 

Fig. 2IO shows a convenient device which obvi' 
rttcs the use of chalk, etc., and is always ready foC 
niarking when wanted. A convenient size for thi^ 
de\Tce is twenty-four inches long, three inches wide. 



W\d the thickness made of two pieces of wood, one 
Rvv eighths and the other three eighths of an inch 
tlik'k. The thicker piece is rabbeted to receive a 
!*U"i\> of sheet lead about two inches wide and one 

Ivi^ttUi of an inch thick, the lead being allowed to 
n\tJK<ct outside of the wood about one-quarter inch. 
nw l\W i>itx;es are fastened together with screws 
1^ \*v»ll\( the l«td finnly in place. The lead is easily 
in^^t »»V»lighl by iJassing an iron plane over it occa- 
L J 



XXXVII. 

FILING HAND-SAWS. 

The hand-saw is one of the most important of 

pattern-makers' tools, as it is of all other workers in 

wood, and it is one of the most difficult of their tools 

to put in good order. Many excellent mechanics 

are not able properly to file a hand-saw without 

some device to aid them. 

Fig. 211 shows an appliance that will not only be 
a help to the expert when filing saws, but will make 
it almost impossible for the novice to go wrong when 
intelligently applied. A, B, and C show a saw- 
clamp, which can be of any kind. It is provided 
with a shelf, a, extending from the back and at right 
angles with the blade of the saw. A piece of glass, 
h, preferably about a quarter of an inch thick, is 
secured to the shelf in such a manner as to be easily 
raised. 

Three sheets of paper about the size of the glass 
are prepared with heavy lines so that the lines can 
be plainly seen when placed imder the glass. One 
sheet has the lines at right angles to the saw-blade, to 
be used when filing rip- or band-saws. Two sheets 

have the lines at an angle, one extending to the 
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A 



right and one to the left, according to the bevel it 
is desired to have the teeth for cross-cutting. 
X>, the file, which is shown on a larger scale, is 




B 






Fig. 211. 

prepared by driving its point into a small block, r, 
about three by one by a half inch. The lower 
edge of the block is to rest on the glass and is 
slightly rounded. The position of the comer of the 
file to be used with reference to the curved edge of 
the block determines the rake of the teeth. 



FIUhfG HAhfD-SAiyS. 
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When prepared for use the sheet whose lines are 
required is exposed imder the glass. The file with 
the curved edge of the block resting on the glass is to 
follow the lines when filing. Except when the teeth 
are very large it is well not to lift the block from 
the glass, but pass the file to the next tooth by 
raising the handle sufficiently. 



./ ■ . 
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XXXVIII. 



WAX FILLETS. 



Fig 212 shows handy devices for xnakmg and 
applying wax fillets. A represents a press made of 
three-quarter-inch brass tube about five inches 
long; one end of the tube is securely closed by a 
wooden plug. A plunger made of close-grained 
hard wood is made to work in the tube ; the fit should 
be as nearly air-tight as possible to make the plunger. 
A hole is made through the side of the tube close to 
the inner end of the plug. The diameter of the hole 
will be according to the size of the fillet desired; a 
diameter of one-sixteenth inch is suitable for quar- 
ter-inch fillets. 



BRASS TUBE 








^^S 



B 



Fig. 212. 



To make the fillet stock, beeswax is placed in the 

tube, and pressure applied on the end of the plunger, 

^hich will cause the wax to issue from the hole in an 
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unbroken thread; this can be coiled and preserved 

for future use. The pressure can be applied by 

placing the ends of the press between the jaws of a 

hand-screw or bench- vise. B shows a tool, to be 

found on the market, made for forming wax fillets. 

The wax being placed in the desired corner, the 

tool, which has been heated in hot water, is applied 

and moved along the wax with sufficient pressure 

with the result that a neat arid quick fillet is formed 

where a wood or leather fillet would be difficult. In 

the absence of the above tool, one can be improvised 

by grinding the end of a wire nail or a piece of wire 

to the required form. 



INSICKTING WOOD-SCREWS INTO END 
GkAlNS OF WOOD. 

W(iiii> H(^i(icws inserted into the end grains, espi 
tiiilly i.f soft wimkI. do not take a very strong holt 
I'uL l\w liokl may be increased by backing out th 
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screw. When screws are to be taken out and 
reinserted into end-grain wood, as is often necessary 
-where work is required to be taken apart in the 
foundry, simply screwing them into the end grain 
should not be depended upon, but a plug of hard 
-wood should be inserted into the work and the screw 
allowed to pass through it at right angles to the 
grain of the plug (see Fig. 213). When the screw will 
no longer hold in consequence of its repeated with- 
draw^als, the worn-out plug may be taken out and 
a new plug inserted. 



XL. 



BOARD MEASURE. 

In board meastire all boards are assumed to be 
one inch thick. When all dimem^ns are in feet— r 
Rule : Multiply length by breadth, and product will 
give surface in square feet. Example: Required 
the feet, B. M., in a board i6 ft. long, 1.25 ft. wide, 
and one inch thick. 

■ 

16 X1.25 =20 feet. 

When either dimension is in feet — Rule : Multiply 
length by breadth, and the product by the thickness, 
and then divide by 12. Example: Required the 
feet, B. M., in a board 16 feet long, 15 inches wide, 
and li inches thick. 

16X15X1.5=360, and 36o-M2=3o ft. 

When all dimensions are in inches proceed as 

before and divide by 144. Six inches and over are 

' cotmted an additional foot. 
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XLI. 

TO COMPUTE VOLUME OF SQUARED 

TIMBER. 

When all dimensions are in feet — Rule : Multiply 
length, breadth, and thickness together and product 
vnll give volume in cubic feet. Example: A piece 
of timber is 1.25 feet square and 20 feet long. Re- 
quired its volimie: 

1.25 X 1.25X20' = 31.25 cubic feet. 

When either dimension is in feet proceed as 
before and divide by 144. Example: 

15" X is" X 20' ^^ 

-^ ^ =31.25 cu. ft. 

144 
When all dimensions are in inches proceed as 
before and divide by 1728. Example: 

15' ' X 15'' X 240^^ ^ .^ 
^7^8 = 31.25 cu. ft. 

Allowance is to be made for bark by deducting 
from each girth from .5 inch in logs with thin 
bark to 2 inches in logs with thick bark. 

To reduce to board measure multiply cubic feet 
by 12, thus: 31.25X12=375 feet B. M. 

Lineal feet is the length regardless of breadth 

and thickness. 
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XLII, 
TIMBER MEASURE. 

To compute the volume of round timber inside of 
bark. When all dimensions are in feet — ^Rule: 
Add together the squares of the greater and lesser 
ends, and the product of the two diameters. Mul- 
tiply the stmi by .7854 and that product by one third 
of the length. 

Example: A piece of timber, barked, is 15 feet 
long. The diameters of the ends are 2 and 1.5 feet. 
Required the voltmie. 

2' + 1.5' + 2X1.5 =9.25, which, multiplied by 

.7854, and that product by — = 36.3247 cubic feet. 

When all dimensions are in inches proceed as 
before and divide by 1728. 

To compute the square that a rotmd log- will cut. 
Rule: Divide the diameter of the small end inside 
of bark by 1.4 142, and the quotient wiU equal the 
side of the square. 

Example : A log is 1 4. 5 inches in diameter at small 
end. Required the side when square. 

— ^^=10.253 inches. 
1.4142 

Or multiply diameter by 0.7071. 

Thus 14.5 X.7o7i = 10.253 inches, the length of 

the side of square. 
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XLIII. 
STRENGTH AND WEIGHT OF WOODS. 



The strength and weight of the same kind of 

wood will vary considerably; this variation is 

caused by the conditions tinder which it grows, 

is prepared and seasoned. The following table, 

compiled from different authorities and the author's 

own experiments, exhibits a fair average for sound 

well-seasoned timber of the kinds given : 



Kind of Wood. 



Ash, American 

Beech , 

Cedar 

Cherry 

Chestnut 

Cork 

Cypress.. .. .^ 

Hickory 

Mahogany, hard .... 

soft 

(^k, American white 
English. ...... 

live, Ala 

upland 

Pine, Southern Ga.. . 

white 

white Mich. . . . 
yellow long leaf. 

Poplar, yellow 

Redwood, Pac. Coast. 

spruce 

Walnut, red 

black 



i< 



It 



It 



It 



It 



It 



Averagfe 

Tensile 

Strength 

per Sq. Inch, 

in Lbs. 



16,000 
18,000 
10,300 
12,500 
12,500 

6,000 
18,000 
20,000 

8,000 
18,000 
19,000 
16,400 
10,000 
10,000 
11,000 

19,000 
7,000 
io,ooo 
11,000 
17,000 



Average 

Crushing 

Strength 

per Sq. Inch, 

in Lbs. 



5,800 
6,900 
6,000 

5,300 



8,900 
8,800 

9,000 
10,000 
7,700 
6,800 
8,900 



8,000 

6,000 
6,800 



Average 

Weight per 

Cubic Ft., 

in Lbs. 



38 
40 

35 
41 
39 
15 
27 
53 
53 
35 
50 

55 
60 

42 

45 
28 

26 

42 

31 

24 

29 

39 

37 
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MISCELLANEOUS TABLES, ETC. 



TABLE OF DECIMAL EQUIVALENTS OP MILLIMETERS 
AND FRACTIONS OF MILLIMETERS. 



i/ioo min.» .ocx>3937 



•// 



Mm. Inches. 


Mm. lochet. 


Mm. 


ladies. 


1/50= .00079 


26/50— .02047 


2— « 


.07874 


2/50= .00157 


27/50- 


.02126 


^= 


.II811 


3/50= .00236 


28/50- 


.02205 


4 = 


.15748 


4/50-= .00315 


29/50= 


.02283 


5- 


.19685 


5/50=. 00394 


30/50- 


.02362 


6- 


.23622 


6/50= .00472 


31/50- < 


.02441 


7« 


. 27559 


7/50= .00551 


32/50= 


.02520 


8= 


.31496 


8/50= .00630 


33/50- 


.02598 


9- 


.35433 


9/50= .00709 


34/50= 


.02677 


10— 


.39370 


10/50= .00787 


35/50= . 


02756 


11 — 


.43307 


11/50= .00866 


36/50- . 


02835 


12— 


.47244 


12/50- .00945 


37/50= . 


02913 


i3= 


.S"8i 


13/50= .01024 


38/50= . 


02992 


14= 


.55118 


14/50= ,01102 


39/50= . 


0307 1 


15= 


.59055 


15/50=. 0"8i 


40/50= . 


03150 


16= 


.62992 


16/50= .01260 


41/50=. 


03228 


17= 


. 66929 


17/50= .01339 


42/50= . 


03307 


18= 


.70866 


18/50= .01417 


43/50= . 


03386 


19= 


.74803 


19/50= .01496 


44/50= . 


03465 


20— 


. 78740 


20/50= .01575 


45/50= . 


03543 


21 — 


.82677 


21/50= .01654 


46/50= . 


03622 


22— 


.86614 


22/50= .01732 


47/50= . 


03701 


23= 


.90551 


23/50= .01811 


48/50= . 


03780 


24= 


.94488 


24/50= .01890 


49/50= . 


03858 


25= 


.98425 


25/50= .01969 


I =.03937 


26=1 


.02362 



10 mm. 
10 cm. : 
10 dm. ■ 
25.4 mm. 



I centimeter =0.3937 inches. 
I decimeter =3.937 " 
I meter =39.37 
I Engtish inch. 



c< 
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LBI^E OF DECIMAL EQUIVALENTS OF 8ths, i6ths, 

32DS, AND 64THS OF AN INCH. 



8ths. 


9/32=. 28125 


19/64=. 296875 


i/8=.i25 


' 11/32=. 34375 


21/64= 


.328125 


1/4=. 250 


1 3/32 =.40625 


23/64= 


.359375 


3/8= -375 


1 5/32 =.46875 


25/64= 


390625 


1/2=. 500 


17/32=. 53125 


27/64= 


.421875 


5/8=. 625 


19/32=. 59375 


29/64= 


.453125 


3/4=. 750 


21/32= .65625 


31/64= 


484375 


7/8=. 875 


23/32=. 71875 


33/64= 


515625 


T6ths 


25/32=. 78125 


35/64= 


54687^ 


1/16= .0625 

3/i6=.i875 
5/16=. 3125 

7/i6=.4375 

9/16=. 5625 

ii/i6=.6875 

13/16=. 8125 

15/16=. 9375 


27/32 =.84375 


37/64= 


578125 


29/32= .90625 


39/64= 


609375 


31/32 =.96875 


41/64=. 


640625 


64ths. 
1/64= .015625 


43/64= . 

45/64= 

47/64= 


671875 
703125 
734375 


3/64= .046875 


49/64= . 


765625 


5/64-. 078125 


51/64= . 


796875 


7/64= . 109375 


53/64= . 


828125 


32ds. 


9/64=. 140625 


55/64= • 


859375 


1/32= .OT(I2S 


11/64=. 171875 


57/64= . 


1590625 


3/32= .09375 


13/64= .203125 


59/64= 


921875 


5/32 =.15625 


1 5/64=. 234375 


61/64= . 


953125 


7/32=. 21875 


17/64= .265625 


63/64=. 984375 



TRIGONOMETRICAL EXPRESSIONS. 
The diagram shows the different trigonometrical expressions in 
terms of the angle A. 

COTANOENT A- 

H 




Fig. 214. 

Complement of an angle = its difference from 90**. 
Supplement . . . .=its difference from 180**. 




Cylinder 

Sphere 

Cone, or pyramil 

Any prism old 



STEEL-WIRE FINISl 



«„. 


U-n^t!.. 


m 




i inch 


> 


1 


3d 


i ;; 




£l 


3d 






isi 


4d 






15 


5d 








Gd 






'3i 


7d 






13 


8d 








9d 


2 






lOd 


3 






I3d 


3i " 






t6d 


3i " 






20d 


4 " 


lO 
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STEEL-WIRE COMMON NAILS. 



Size. 


• 

Length. 


Gauge. 


Approx. No. to Lb. 


2d 


I inch 


No. 15 


876 


3(1 


li * 






' H 


568 


4d 


li * 






' I2i 


316 


Sd 


if 






' I2i 


271 


6d 


2 * 






' Hi 


181 


7d 


2i ' 






' Hi 


161 


8d 


2\ * 






' loi 


106 


9d 


2t 






' loi 


96 


lod 


3 * 






' 9 


69 


1 2d 


3i ' 






' 9 


63 


i6d 


3i ' 






' 8 


49 


20d 


4 ' 






• 6 


31 


3od 


4i ' 






' 5 


24 


4od 


5 ' 






' 4 


18 


50d 


5i * 






' 3 


14 


6od 


6 " 


" 2 


II 
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XLV. 

STANDARD WOOD-SCREWS. 

Woou-s<^:kkws are very familiar and indispensable 
;irtu:liiS with jiattem-makers, but it is doubtful if 
there is cmt in a hundred that could state the 
an^^ht of the head if asked the question. The angle 
being 41 degrees, or the sides having a subtended 
angle of 82 degrees, accoimts for the fact that 
the ordinary commercial countersinks which com- 
monly have an included angle of 60 or 90 degrees 
» naver just right for the heads of wood-screws. 
lim* Asa S. Cook & Co., manufacturers of 
Inery for making wood-screws, have furnished 
following table of data regarding the chief 
turei of wood-screws as used by all of the princi- 
1 makers of them in the United States. 
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U. S. STANDARD WOOD-SCREWS REDUCED TO 

THOUSANDTHS. 

Body, ai,so Flat and Round Hbads. 





Body. F 


lat-h»d Di> 


(Comet). 1 


Raund-btiiul 




No. 


Diameter. S 


J«rp. 


Round. 1 E 


ameler. C 


^p,h. 


^ 


■05784 


„ 


10968 


106 


042 




.071 


136 


1356 


I.10125 


051 




.OS416 


161 


.6.59 


154=5 


06 


3 


.09731 


188 


18744 


178375 




4 


.11048 


914 


21336 


2025 




5 


..J3&+ 


94 


23998 


22662s 




6 


.1368 


*66 


3659 


95075 


096 


7 


-I4W6 


392 


29112 


374875 


105 


8 


.16311 


318 


31704 


299 


114 


9 


. 17628 


344 


34196 


393195 


123 




.18944 


37 


36888 


34735 


'33 






396 


3948 


371375 






:"S7« 


422 


41072 


3955 


'S 


'3 


.22892 


448 


44664 


419635 


159 


I* 


.34208 


474 


47:^56 


44375 


168 


IS 


.95534 


5 


49848 


467875 


177 


16 


.26B4 


596 


5144 


492 


186 


i; 


.28156 


559 


55039 


5.6.2s 


"95 


■a 


.29479 


57B 


57634 


54035 


204 


'9 


.30788 


604 


60J16 


564375 


913 


ao 


.3"<H 


63 


62808 


5885 






.3349 


656 ' 


654 


612625 


93" 




.34736 


683 


67991 


63675 


94 


»3 


.36052 


708 


70584 


660875 


249 


34 


.37368 


734 


73176 


68s 


258 


as 


.38684 


7« 


75768 


709125 


967 


!6 


.4 


786 


7836 


73335 


276 


=7 


.41316 


812 


80959 


757375 


9BS 


»8 


.49633 


838 


83544 


7815 


394 


29 


■43948 


864 


86 136 


805695 


303 


30 


.45264 


89 


8879a 


82975 


312 


Ratio 


.0,3.6 


0=6 1 


..,„. 1 


0241 15 1 


009_ 



T , ,.*°^h*'o[ Flat heads. 
Included angle 8:° | 
I.ength of thread is 7/10 of whole length of screw. Ri 
length measiMcd from under head. 

FORMUI.A POH WOOD-aCRBWS. 

N —number ; D — diameter. 

(D-.056) 
.01325 ■ 



Z»-(WX .01325)+ 056 



• 
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XLVI. 

[ ». 

•• • • ■ ■ • • I . 
HOW TO APPROXIMATE THE WEIGHT OF 
AN IRON CASTING FROM iTS OBSERVA- 
TION. . : I 

• 1 * - 

• • • • . . . 

It occasionally happens that an approximate 
weight of a cajsting is desired, where, Kttle op: no 
opportunity is offered . for m^asttr^ents, ' and 
where simple observation of the pattern or casting 
is all that is available for data. 

By remembering that a cubic foot of cast iron 
weighs 450 pounds, a square foot one inch thick 
37.5 pounds, and 3.84 cubic inches weigh one 
pound, together with a little practice in judging 
dimensions, a fairly offhand, rough estimate can 
be made as follows: Judge the dimensions of pat- 
tern or casting- and mentally estimate the cubical 
or superficial contents, then mentally mxiltiply 
that by one of the above quantities accordingly as 
the case requires. For instance required the 
weight of a casting judged to be 10 by 5 feet and 
2 inches thick. It will require very little mental 

exercise to determine that these dimensions will 
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APPROXmATE WEIGHT OP AN IRON CASTING. «37 

equal lod square feet one inch thick, which, multi- 
plied by 3 7. 5, will equal 3750 pounds. By the 
same process of reasoning the weights for other 
metals can be determined by fixing in mind the 
necessary; data for the metals. That for steel 
castings is 490 pounds per cubic foot, 40.86 pounds 
per square foot, and 3.522, or, roughly, 3.5 cubic 
indhes per po\md. But by far the most frequent 
occasion for this exercise will be for cast iron. 
The following tables are convenient for. determining 
the lengtih of bai^ of the different metals com- 
monly used for weights. 

TABLE I, GIVING WElCiHt PER INCH IN LENGTH OF 
ROUND. BARS FROM l" TO 3'^ DIAM. 



' Diam. , 


Cast Iron. 


Cast Brass. 


Cast Lead. 


Cast Steel, 


I mch 


': .2042 


.,2301, 


.322 


.2228 


I* " 


.2584 


.2912 


.4075 


.2821 


li " 


.319 


.3595 


• 503 


.3482 


1 C^ 


.: ■ ^3858 


.4348 


.6084 


.4214 


A 


.4594 


.5179 


.7244 


•5015 


' if-vj- ,• 


-5389: 


.6073 


.8499 


.5885 


l\ "v 


: , .6253 , 


.7046 


. .986 


.6526 


. ;J "" 


.7x78 


.8089 


1. 132 


.7836 


••^^;2.-r"r ..-. 


f .8166 


.9203 


1.288 


.8916 


2j " ./ 


». .-•9219. 


1.0389 


1.4538 


1.0065 


2\ .?'v- f. 


^." ^K033;7 . . 


J.J649 


I. 6301 


I. 1284 


2| " 


1.1518 


1.2979 


I. 8163 


1.^573 


2i " 


1.276 


1.438 


2.0122 


I. 3931 


2j " 


1.4068 


1.5854 


2.2185 


1.5359 


2} " 


I. 5441 


I . 7401 


2.435 


1.6856 


2} " 


1.6876 


I. 9018 


2.6613 


1.8423 


3 " 


1.8376 


2.0709 


2.8978 


2.0061 
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TABLE II, GIVING WEIGHT PER INCH IN LENGTH OF 
SQUARE BARS, FROM 1" TO 3" SQUARE. 



S,Ar ol Squsr.., 


Can Iron. 


Cast Brass. Cast Lad- | Cast St«l. 


I inch 


.26 


■"93 


4" 


2838 


1 '■■ 




3^9 


■37 


519 


359' 






406 


■4S7 


64 


4434 






491 


■ 554 


775 


5365 






585 


.659 


922 


6385 






686 


-773 1 


081 


749+ 






79*. 




255 


8691 


' '; 




9'4 




44' 


9977 






04 




64 I 


'352 


r: 








831 


28.5 




316 




075 I 


4.367 


H " 




466 




312 T 


6008 


2i ■■ 




615 




sfe 


7737 


2i ■• 




791 




825 I 


9555 


2i ■■ 




966 






.462 


4 " 




149 


2-4',- 3 


■^ ^ 


3457 






34 


=-637 3 


69 2 


5542 



Rule: Divide the given weight by the tabular 
number corresponding to the size of the bar and 
required metal. 

Example: Required the length of a 20-lb. cast- 
iron weight of I J" diameter: lbs, -h tab, number 
equals 20-^.7178, equals 27.86 inches long. 

Required the length of a 20-lb. cast lead weight 
of i|" side of sqtmre, 20 -;- 1.082 = 18,48 inches. 
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AJIEAS OF CIRCLES, AND LENGTHS OF THE SIDES OF 

SQUARES OF THE SAME AREA. 



Diam. of 


Area of Circle 


Sides of Sq. 


Diam. of 


Area of Circle 


Sides of Sq. 


Circle in 


in Square 
Inches. 


of Same 


Circle in 


in Square 


of Same 


Inches. 


Area in 


Inches. 


Inches. 


Area in 






Sq. Ins. 






Sq. Ins. 


I 


.785 


.89 


2li 


363 05 


19.05 


li 


1.767 


1.33 


22 


380.13 


19.50 


2 


3.142 


1.77 


22^ 


397 61 


19.94 


2j 


4.909 


2.22 


23 


415.48 


20.38 


3 


7.069 


2.66 


23i 


433 . 74 


20.83 


3i 


9.621 


3.10 


24 


452.39 


21.27 


4 


12.566 


3.54 


24i 


471-44 


21.71 


4i 


15.904 


3.99 


25 


490.88 


22. 16 


5 


19.635 


4.43 


25i 


510.71 


22.60 


5i 


23.758 


4.87 


26 


530.93 


23 04 


6 


28.274 


5.32 


26i 


551.55 


23-49 


6J 


33.183 


5.76 


27 


572.56 


2393 


7 


38.485 


6.20 


27i 


593 96 


24-37 


7i 


44.179 


6.65 


28 


615.75 


24.81 


8 


50.266 


7.09 


28i 


637 -94 


25.26 


8J 


56.745 


7.53 


29 


660.52 


25.70 


9 


63.617 


7.98 


29i 


683 . 49 


26.14 


9i 


70.882 


8.42 


30 


706.86 


26.59 


10 


78 . 540 


8.86 


3oi 


730.62 


27.03 


loi 


86.590 


9.30 


31 


754.77 


27.47 


II 


95.03 


9.75 


3ii 


779.31 


37.92 


Hi 


103.87 


10. 19 


32 


804.25 


28.36 


12 


113. 10 


10.63 


32i 


829.58 


28.80 


I2i 


122.72 


11.08 


33 


855 . 30 


29.25 


13 


132.73 


11.52 


33i 


881.41 


29.69 


i3i 


143.14 


11.96 


34 


907.92 


30.13 


14 


153.94 


12.41 


34i 


934.82 


30.57 


I4i 


165.13 


12.85 


35 


962. II 


31.02 


15 


176.72 


1329 ! 


35i 


989 . 80 


31.46 


i5i 


188.69 


13.74 


36 


1017.88 


31.90 


16 


201.06 


14.18 


36i 


1046.35 


32.35 


i6i 


213.83 


14.62 


37 


1075.21 


32.79 


17 


226.98 


15.07 


37i 


1104.47 


33.23 


i7i 


240.53 


15.51 


38 


1134.12 


33.68 


18 


254.47 


15-95 


38i 


1164.16 


34.12 


i8i 


268.80 


16.40 


39 


1194.59 


34.56 


19 


283.53 


16.84 


39i 


1225.42 


35.01 


i9i 


298.65 


17.28 


40 


1256.64 


35.45 


20 


314.16 


17.72 


4oi 


1288.25 


35.89 


20J 


330.06 


18.17 


41 


1320.26 


36 . 34 


21 


346.36 


18.61 


4ii 


1352.66 


36.78 
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AREAS OF CIRCLES. AND LENGTHS OF THE SIDES OF 
SQl'ARES OF THE SAME AREA_— f<»,(,,,««f. 



n>rT.-al 


AnaifCick 


iSdja rf a,. 


Dum. o 


*'A™,^Cir^ 


SdwofSq. 


'££r 


r^ 


of Same 


Circled 


' '^iS^ 


SI 


4=. 


'3»5-45 


37 ■ »2 


S'l 


1083,08 


45 64 


4ii 


141a. 


63 


37-66 


5J 


2133 


72 


46 


oS 




'451 


2a 


38... 


5^1 


2164 


76 


46 


53 


44, 


i486 




.ia.-n 






'9 


46 
47 


97 

4> 


ISM 


S3 






a248 


4»i 


'555 


19 


39 -^ 




2290 


23 




86 


■'5, 


'590 


43 


39.83 




2332 


83 


48 




45) 


1 615 


97 


40 32 




2375 


»3 


48 


74 


46 


1661 


91 


40-77 




2419 


13 


49 


'9 


461 


1698 


23 


41.21 


( 


2463 




49 


63 




'7M 


93 


4' -65 




'507 


19 


50 


07 


47t 


.773 


06 


42-10 




2551 


76 


50 


5" 


48 


.B09 


56 


4:^-58 




2596 


73 


50 


96 


4«» 


1847 


46 


43.98 




2642 


09 


5> 


40 


49 


1885 


.75 


43-43 




a687 


84 


51 


84 


49) 


1924 


-43 


43-87 


i "- 


2733 


98 


52 


29 


50 


196; 


■.SO 


44-3' 


591 


2780 


51 


52 


73 


s=i 




-97 


44-75 


60 


2827 


74 


53 




51 


104 


M 


45-K> 


60) 


2874.76 


S3 62 



XLVII. 
PRISMOIDAL FORMULA. 

(One Rule for the Contents of Various Bodies.) 

A PRiSMOiD is a solid bounded by six plane sur- 
faces, only two of which are parallel. 

Every one who has had occasion to figure out 
the voltune or contents of any regularly formed 
geometrical body has been perplexed in trying to 
remember the exact rule for each and the way to 
apply it. It is a happy state of the memory when 
every rule can be called to mind exactly when 
wanted. , One rule is more easily remembered 
than a dozen. The following rule will solve all 
the problems of solidity for regular bodies: 

.J J [ The area of the base, 
, -< The area of the top, 

( Four times the area of the middle section. 

Multiply this sum by one sixth of the perpen- 
dicular height. The resulting product is the cubical 
contents or volume required. 

24T 
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Applying the rule to a cone of lo inches diameter 
of base and 12 inches perpendicular height: 

The area of base 78.54 

The area of top 00.00 

Four times area of middle section 78.54 



• 



157.08 
Multiplied by one sixth of height 2 

The volume in cubic inches equals 314- 16 

It will be observed of a cone that the middle 
section is a circle one half the diameter of the base, 
which is equal to one fourth its area; or, to state 
in another way, four times the area of a 5-inch 
circle is equal to the area of a lo-inch circle. 

The rule applied to a cylinder of 10 inches diam- 
eter and 12 inches in height: 

Area of base 78.54 

** "top 78.54 

ir middle areas 314.16 

i*he sum of these equals 471.24 

ultiplied by one sixth of height 2 

ne volume in cubic inches equals 942.48 

This result agrees with the mathematical demon- 
fcration that a cylinder has three times the volume 
^ a cone of the same height and diameter of base, 
rule applied to a cube of 1 2 inches : 
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The area of base 144 

H 44 44 A^ 

top 144 

Four middle areas 576 



The sum equals 864 

Multiplied by one sixth the height 2 

Volume in cubic inches equals 1728 

The rule applies equally to pyramids and prisms 
of whatever form of base or end. It also applies 
to frustums of pyramids, cones, and prisms. 

Whether any of these bodies have their axes 
perpendicular to the base or not, this rule applies 
all the same, care being taken to use the perpendic- 
ular height, never the slant height. 

To find the contents of a sphere 12 inches in 
diameter, use the rule the same way as for the 
cone, thus: 

The area of base 00. 00 

" " "top 00.00 

Pour middle areas 452 . 39 



The sum of these equals 452 . 3^ 

Multiplied by one sixth of the height . . 2 

Voltune in cubic inches equals 904 . 78 

There are some bodies formed like cigars, or 
that have what is called sphidle shape, which 
require a little preparation before applying the 
rule for obtaining their contents. For such they 
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must first be considered to bq divided tr^nsver^ly 
at their largest part,, and then, calctilate each part 
separately and add the result3 together foi; the sum. 
In forms like these which have swelled sides 
there must be some means of coufiting' in the 
swell, or convexity of these solids, arid this very 
feature is included in the measures of this, rule. 
The elements called *^fo\ir times the area of middle 
section'* brings in the swell and includes, the differ- 
ence between the volume of a . cone . of straight 
sides and having the same base and height, and 
of the spindle shape having convex sides. This 
element of the rule also covers the cases of cone-like 
figures having concave or hollow sid^s, Atten- 
tion is particularly called to the necessity of taking 
in the exact measures of these and other similar 
forms, which every rule requires if the correct 
volume be sought for, because this result in every 
case can only be obtained from all the essential di- 
mensions. 



XLVIII. 

TO COMPUTE THE AREA OF A FIGURE 

BOUNDED BY A CURVE. 

The foUowing rule, , known as Simpson's, is 
the one commonly used to compute the area of 
irregular figures: 

Rule: Divide the line ab into any number of equal 
parts by perpendiculars from base, as i^ 2, 3, etc., 
which will give an odd number of points bf division. 
Measure length of these perpendiculars and proceed 
as follows : To the lengths of the first and last 
ordinates add four times the lengths of all the even- 
numbered ordinates, and twice the sum of the odd ; 
mtiltiply their sum by one third of the distance be- 
tween the ordinates, and the product will give the 
reqtiired area. 

Required the area of a space 40 ft. long bounded 
on one side by a curve the ordinates of which are 

given in. Fig.- 215. 
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AREyf OF A FtGUKB mXXXD SY A CL^l^X 


ri- 


£T«a. 


-»ac. 




5ir-~ 




No. ' Length OnS. 1 S*. 
OnL jOtr* 


^ 


1, Irr-^ 




1 4- 

2 5 5 
4 4- 
6 3- 


5 

a 


* 5 

p. 5 

X- 

3*. ^ *' 




c ; . 




> 21.5X4-86 


f 


:-- = t = "^ 


sc. rL 



The foilowmg is another r:ile -srhizh gives :^!y 
accurate results, the accuraicy ie^teniing in a gre^: 
measure on the munber ^A •if-.-isi'i'GS and their 
mean lengths: 

Divide the Kne cih into any number :f eqiial 
parallel strips bv perpendiculars frim the base, 
as in the previoas case; measure the mean lengths 
of the strips, as indicated by the dotted lines: 
multiply the sum of the mean len^hs bv the width 
of a strip, and the product will give the area. 

EXAiffPLE. 



Xo-Ord- 



L-em^iiOrd 



I 


3. 


2 


5. 


3 


5.45 


4 


4. 


5 


3.75 


6 


3. 


/ 


3.25 


8 


4.4 


9 


5-45 


10 


5.2 



•42.50X4 = 170 sq. ft. 



XLIX. 
WEIGHTS AND MEASURES. 

AVOIRDUPOIS OR ORDIN^ OMMERCIAL tt'BIGHT. 



Ton. 


Cwis. 


mtds. 


Oui,.^. 


0.050 


o:«>a9 


0. 
0:062s 


35840. 
1793- 
■ 16. 



I poimd = J7.7 cubic inches of distilled v 
density (39' Fahrenheit), 



LONG MEASURE. 



Mile. 


RMs. 


YardB- 


p.... 


Inches. 


, 


320. 


1760. 


5280. 


63360. 






5.5 


16.5 


198. 


0,000568 








36. 


0.0001894 




0.3333 






0.0000158 


0.005051 


0.02778 


0.08333 


J. 



The British measures are shorter than those of the U. S. by about 
1 part in 17230, or 3.677 inches in a mile. 

A fathom — 6 feet. A Gunter's surveying chain — 66 feet or 4 rods^ 
So chains making a mile. 
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SQUARE OR LAND MEASURE. 



UNITED STATES AND BRITISH. 



Sq. 


Acres. 


Sq. Rods. 


Sq. Yards. 


Sq. Feet. 


Sq. Inches. 


Miles. 












I . 


640, 


102400. 


3097600. 


27878400. 






I. 


160. 


4840. 


43560. 


6272640. 






I. 


30.25 


272.25 


39204. 






0.0331 


I. 


9.0 


1296. 








0. Ill 


I. 


144. 








• 


O.OD694 


I. 



CUBIC OR SOLID MEASURE. 



UNITED STATES AND BRITISH. 



1728 cubic inches = I cubic foot. 

27 cubic feet = I cubic yard. 
A cord of wood=4'X4'X8' = i28 cubic feet. 
A perch of masonry = 16.5'X 1.5'X i' = 24.75 cubic feet, but is 
generally assumed at 25 cubic feet. 



DRY MEASURE. 



UNITED STATES ONLY. 



Struck Bush. 


Pecks. 


Quarts. 


Pints. 


Gallons. 


Cubic Inch. 


I 


4 


32. 


64 


8. 


2150. 




p 


8. 


16 


2. 


537.6 






I. 


2 


0.25 


67.2 






0.5 


I 


0.125 


33-6 






4. 


8 


I. 


268.8 



A gallon of liquid measure = 231 cubic inches. 

A heaped bushel = i J struck bushels. The cone in a heaped bushel 
must be not less than 6 inches high. 

A barrel of U. S. hydraulic cement = 300 to 310 lbs., usually, and 
of genuine Portland cement =425 lbs. 

To reduce U. S. dry measures to British imperial of the same 
name, divide by 1.032. 
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NAUTICAl, MEASURE. 
ca mile is the length of a minute of longitude of 
the earlh equator at the level of the sea. It is assumed 

— 6086.07 =1.152664 statute or land miles by the United States 

Coast Survey. 

3 nautical miles-' i league. 
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USEFUL FORMUL-E IN MENSURATION. 
I. Kam. X .886i-SideofaneqUalsquare. 
3. Circum.X -iSi 

3. Diam. X -707" d square, 

4. CircunuX .335' " 

5. Area X .6j66' 

6. Biam. Xi-3468' teral triangle. 

7. arcum.X .31S3- 

8. Diam. X3.i4i6= circle, 

9. Sideofsquare Xi-4i. of circumscribing drcte. 

10. Sideofsquare X4.443 .of " " 

11. Sideofsquare X1.12B of circle equal in area. 

12. Sideofsquare X3.545 =»-ircum. " " " " " 

13. Square of diam. X -785+ =Area of circle. 

14. Square of circum.X -07958- " " " 

15. Square of radius X3-i4'6 = " " " 

16. Half of drcum. Xhalt diameter-^Area of circle, 

17. Diam. Xo. 7854 =Sde of square of equal periphery as circle. 

18. Sideof square X ' ■ 2731 >=Diam. of drcle of equal periphery 

as square. 

19. BaseXperpendicular height = Area of parallelogram. 

20. BaseXhalf perpendicular height=Area of triangle. 

21. Half the sum of parallel sides X perpendicular height = Area 

of trapezoid. 
2j. Area of trapeaum is found by dividing the figure into two 

triangles. 
23. Long diam.Xshort diam. Xo. 7854= Area of ellipse. 
34. Sum of sidesXhalt perpendicular distance from center to sides 

= Area of any regular polygon. 

25. Circum.Xheight plusareaof the twoends=SuTfaceofcylinda. 

26. Diam. X 31416 - Surface of sphere. 
Circum.Xdiameter " " " " 
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27. Circum. or periphery X half slant height convex surface of cone 
or pyramid; for the entire surface add area of base to 
above product. 

SOLID CONTENTS. 

Prism, right or oblique, «= Area of base X perpendicular height. 

Cylinder, right or oblique, = Area of section at right angles to 
sides X length of side. 

Sphere = Diameter cubed X o . 5236 ; also = Surface X i /6 diameter. 

Pyramid or cone, right or obliqucj regular or irregular, ^ Area 
of baseX 1/3 perpendicular height. 
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IViestal, pattern lur a, 56. 
PkisHKj»iAl inrmala. 241. 



iwopellcr, cast entire, pat- 
o*. 104. 

pnipeliers. constructing 
smaSL 123. 
funau-work for large, cast en- 

die. 61. 
vitk separable blades, method 
cfaiakmg pattern. 112. 
Screws, standard wood, 234. 
Slnp. firaning. 31. 



iSnnka^ and finishing, alk>w- 

anoesior. S. 
Sluinikage mle. making, 216. 
Skrinka^, table of allowances iar, 

of diftrent metals, 29. 
SceaBft-C3rlinder, pattern work for 
engine, 49. 



Timber, oompiitc volume of square, 

227. 
measore, 22S. 

Trimmers aiMi grinders. 21. 

Two-bladed screw, working draw- 

irjg. 71. 

Wiier-o^ilir. pattern 6»r. 88. 
Weights an*! measures. 248. 

soiid coctenis. 251. 
W.*>ier. face-plates. 182. 
NWod-screws in end grain, insert- 
ing. 224. 
\\\xxis. shrinkage o£^ 3, 10. 

strength and weight of, 229. 

warping of. 9. 
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SHORT-TITLE CATALOGUE 

OF THE 

PUBLICATIONS 

OP 

JOHN WILEY & SONS* 

New York. 
Lo^'don: chapman & HALL, Limited. 



ARRANGED UNDER SUBJECTS. 



Descriptive circulars sent on application. Books marked with an asterisk are 
sold at net prices only, a double asterisk (**) books sold under the rules of the 
American Publishers' Association at net prices subject to an extra charge for 
postage. All books are bound in cloth unless otherwise stated. 



AGRICULTURE. 

Arxnsb} 's Manual of Cattle-feeding i2mo, Si 75 

Principles of Animal Nutrition Svo, 4 00 

Budd and Hansen's American Horticultural Manual: 

Part I. — Propagation, Culture, and Improvement i2mo, i 50. 

Part II. — Systematic Pomology i2mo, i 50 

Downing's Fruits and Fruit-trees of America 8vo, 5 00 

Elliott's Engineering for Land Drainage i2mo, i 50 

Practical Farm Drainage i2mo, 1 00 

Green's Principles of American Forestry. (Shortly.) 

Grotenfelt's Principles of Modern Dairy Practice. (WolL) i2mo, 2 00 

Kemp's Landscape Gardening i2mo, 2 50 

Maynard's Landscape Gardening as Applied to Home Decoration i2mo, i 50 

Sanderson's Insects Injurious to Staple Crops i2mo, i 50 ~ 

Insects Injurious to Garden Crops. {In preparation,) 

Insects Injuring Fruits. (In preparation,) 

Stockbridge's Rocks and Soils 8vo, 2 50 

Well's Handbook for Farmers and Dairymen i6mo, i 50- 

ARCHITECTURE. 

Baldwin's Steam Heating for Buildings i2mo, 2 50 

Berg's Buildings and Structures of American Railroads 4to, 5 o« 

Birkmire's Planning and Construction of American Theatres 8vo, 3 o» 

Architectural Iron and Steel 8vo, 3 5» 

Compound Riveted Girders as Applied in Buildings 8vo» 2 00 

Planning and Construction of High Office Buildings 8vo, 3 50^ 

Skeleton Construction in Buildings 8vo, 3 oa 

Briggs's Modem American School Buildings 8vo, 4 oo. 

Carpenter's Heating and Ventilating of Buildings 8vo» 4 00 

Freitag's Architectural Engineering. 2d Edition, Rewritten 8to, 3 5o 

Fireproofing of Steel Buildings 8vo, 2 50 

French and Ives's Stereotomy &vo, 2 50 

Gerhard's Guide to Sanitary House-inspection \^\si<^« ^ ^^ 

Theatre Fires and Panics "^^ 

1 



50 

00 
00 

50 

00 
00 

50 

00 

50 

00 

35 

00 

00 
00 
00 
00 
00 

50 

00 

50 

00 

50 
50 

00 
00 



Hatflcld'i AnuricAn Houm Carprattr 

HoOj*! Carptntcn* and JoinciB' Handbook 

Johoaon'i Statics liy Algabiaic and Graphic Methodt Sfo, i >* 

Kiddor'i Architecf ■ and Builder*! Pocket-book i6mo, morocco, 4 ^ 

llerrill'i Stones for Buiklinf and Decoration Sto, s ^ 

Monckton's Stair-building 4to, 4 oo 

Patton's Practical Treatise on Foundations 8fO, 5 oo 

Siebert and Biggin's Modem Stone-cutting and Kasonry 8to, i SO 

Snow's Principal Species of Wood 8to, 3 50 

Sondericker's Graphic Statics with Applications to Trusses, Beams, and Arches. 
(Shordy.) 

Wait's Engineering'and Architectural Jurisprudence 8to, 6 oe 

Sheep. 650 
Law of Operations Preliminary to Construction in Engineering and Archi- 
tecture 8to, 5 00 

Sheep, 5 50 

Law of Contracts 8to, 3 00 

Woodbury's Fire Protection of Mills 8to, 2 50 

Worcester and Atkinson's Small Hospitals, Establishment and. Maintenance. 
Suggestions'for Hospital Architecture, with Plans for a Small Hospital 

xamo. I 35 
The World's Columbian Exposition of 1893 Large 4to, i 00 

ARMY AND NAVY. 

Bernadou's Smokeless Powder. Nitro-cellulose, and the Theory of the Cellulose 
Molecule lamo, 

♦ Bruff's Text-book Ordnance and Gunnery 8vo, 

Chase's Screw Propellers and Marine Propulsion 8vo, 

Craig's Azimuth 4to, 

Crehore and Squire's Polarizing Photo-chronograph 8vo, 

Cronkhite's Gunnery for Non-commissioned Officers 24mOs morocco, 

♦ Davis's Elements of Law 8vo, 

♦ Treatise on the Military Law of United States 8vo, 

■* Sheep 

Dc Brack's Cavalry Outpost Duties. (Carr.) 24010. morocco, 

Dietz's Soldier's First Aid Handbook i6mo. morocco, 

♦ Dredr.e's Modern French Artilmry 4to, half morocco, 1 

iJura lid's Resistance and Propulsion of Ships 8vo, 

♦ iJyrr's Handbook of Light Artillery i2mo, 

Kis',l«;r's Modern High Explosives 8vo, 

♦ I'i<:h<jM-r's Text-book on Field Fortification : Small 8vo, 

H;nniltoii' ; I he Gunner's Catechism i8mo, 

' Hofi'-. Klomentary Naval Tactics 8vo, 

Iiij^all-.'s Handbook of Problems in Direct Fire 8vo, 

♦ Hallistic Tables 8vo, 

♦ Lyoiis's Ireatise on Electromagnetic Phenomena. Vols. L and H. .8vo,each, 

•' Mahan's Permanent Fortifications. (Mercur.) 8vo, half morocco, 

Mamial for Courts-martial i6mo morocco, 

'•' M<;r( ur's Attack of Fortified Places i2mo, 

♦ Klements of the Art of War 8vo, 

Metcalf s Cost of Manufactures — And the Administration of Workshops, Public 

and Private 8vo, 5 0® 

Ordnance and Gunnery i2mo, 5 ^ 

mj's Infantry Drill Regulations i8mo, paper, 10 

"f'f Practical Marine Surveying .«i^Q, 2 50 

4nny OiBcer's Examiner ^""^^^ n^ 

rt 0/ Subsisting Armies m vf at 



Laettiret on EzpIosivM 8vo, 4 00 

'.'^ tHieelar's Siege Operations and Military Mining 8vo, 2 00 

IHntiiiop's Abridgment of Military Law lamo. 2 50 

f WoodhoU's Notes on Military Hygiene i6mo, x 50 

Toung's Simple Elements of Navigation x6mo, morocco, x 00 

Second Edition, Enlarged and Revised x6mo, morocco, 2 00 



ASSAYING. 

Fletclier's Practical Instructions in Quantitative Assaying with the Blowpipe. 

x2mo, morocco, x 50 

Vorman's Manual of Practical Assaying 8vo, 3 00 

Idler's Manual of Assaying i2mo, x 00 

O'Driscoll's Notes on the Treatment of Gold Ores 8vo, 2 00 

Ricketts and Miller's Notes on Assaying 8vo, 3 00 

Ulke's Modem Electrolirtic Copper Refining 8vo, 3 00 

unison's Cyanide Processes x2mo, x 50 

Chlorination Process i2mo, x 50 



ASTRONOMY. 

Comstock's Field Astronomy for Engineers 8vo, 2 50 

Craig's Azimuth 4to, 3 50 

Doolittle's Treatise on Practical Astronomy 8vo, 4 00 

Gore's Elements of Geodesy 8vo, 2 50 

Hayford's Text-book of Geodetic Astronomy 8vo, 3 00 

Merriman's Elements of Precise Surveying and Geodesy 8vo, 2 50 

* Uichie and Harlow's Practical Astronomy 8vo, 3 00 

* White's Elements of Theoretical and Descriptive Astronomy i2mo, 2 00 



BOTANY. 

Davenport's Statistical Methods, with Special Reference to Biological Variation. 

x6mo, morocco, x 25 

Thom^ and Bennett's Structural and Physiological Botany i6mo, 2 25 

Westermaier's Compendium of General Botany. (Schneider.) 8vo, 2 00 



CHEMISTRY. 

Adriance's Laboratory Calculations and Specific Gravity Tables i2mo, x 25 

Allen's Tables for Iron Analysis 8vo, 3 00 

Arnold's Compendium of Chemistry. (MandeL) (In preparation.) 

Austen's Notes for Chemical Students X2mo, x 50 

Bemadou's Smokeless Powder. — Nitro-cellulose, and Theory of the Cellulose 

Molecule i2mo, 2 50 

Bolton's Quantitative Analysis 8vo, i 50 

* Browning's Introduction to the Rarer Elements 8vo, x 50 

Brush and Penfield's Manual of Determinative Mineralogy 8vo, 4 00 

Classen's Quantitative Chemical Analysis by Electrolysis!. (Boltwood.) 8vo, 3 00 

Cohn's Indicators and Test-papers i2mo, 2 00 

Tests and Reagents 8vo, 3 00 

Copeland's Manual of Bacteriology. (In preparation.) 

Craft's Short Cotirse in Qualitative Chemical Analysis. (Schaeffer.). . . . x2mo, 2 00 

Drechsel's Chemical Reactions.. (MerrilL) i2mo, x 25 

Duhem's Thermodynamics and Chemistry. (Burgess.) (Shortly.) 
Eissler's Modern High Explosives ♦'^'^•^ 

3 
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'i Etuymc* uul tluir AppUcBlioni, (PleBcatt) 

ii.'i Introduction to Chimicul PrepBralioiis. (Dunlap.) ... 

I'i PracticBl iDiIruclioni io QuaDiitatita Assayiag -wltb Ihs Blo«[npe. 



wler") Sew«ge Wotltl Analw«« 

»eniu&'3 Manual otQiulltiitlTeChamicBlAiuUyliB. (WeUs.). 
Manual of QualiUtiTe Cbimlcul AnalrsU. Part I. Descnpl 



(Wei 



1 Anatysii. (Cohn. 



Eyilem ol Indrnction In Qua 

) Tola. (Shorilv.) 

Futrlea-a Water aod PuhUc Heallh iimo, 

Furman'a Manual of Practical Aasaying 8to. 

Gill's Gas and Fuel Analvais for Enginecta Iimo 

Graienfclt't Principles ol Hodem Dairy Practice. (WoU.) i amo 

Bammarsteo'i Teit-bnok of Physlok>(icaI Cfaemistry. (UandeL) 8td 

Be Im'a PriDciples of Mathematical Chemialii. (UorEan.) lamo 

Hindi's laorgnnic Chemistry. 8»o, 

• Laboratory Manual for SCudeata '. ,, lamo 

HoUemao's Teil-book ol Inorganic CHemlatry. (Cooper.] gto 

Teil-hooli of Organic Chemistry. (Walker and Molt.) 8¥0, 

Hankina'B Oa-cbemiBts' Hindbook 

Jackaon'i Directlong for Laboratory Work In Physlolotical Chemi 

Keep's Cast Iron. 

Ladd's Manual of QuanllUtlveChemicalAnalysii 

Laodauer'B Spectrum AnaiyuB. (Tingle.).., 

Laasai-Cobn's Practical Drlaary Analysis. <Loreni.) 

Leach's The Inspection and Anatysis of Food with Special Reference to State 

Control. (In preparation.) 
LHb'e Electrolysis and Electlosynthesii of Organic Compoands. (Loicni.l iii 

Handel's Handbook for Bio-chemical Laboratory iii 

Mason's Water-supply. (Considered Principally from a Sanitary Standpoii 

3d Bditioo, Ren 



(Chem 
Ueyer'B Determination of Radicles i 

HUler'g Manual of Assaying 

Miiter'a Elementary Telt-book of CS 

Motgan'a Outline of Theory of Soluti. 

Elements of Pbysical Chembtn 

nichols'a Water-supply. (Consider! 



Carbon Comj 



■icaL).. 



(Tingle.). 









Chemical Analysis 

.n the Treatment of Gold Ores 

. Teit-book of Chemical Technology. (Loreni— Boiart.) 



* Penfield's 
Pictel'B Thi 

Poole'i Calorl 

• Reisig's Gull 
Richards and ^ 
Richardi's Coi 



(otes on Determinatlii 
Alkatoids and their 



Mineralogy and Record 
Cbemical ConstittitlDn. 
emlBtry. (Austen.). . . . 






a Sanitary Standpoint. Bto. i Oo 



and WilUams's The Dietary 
Id Russell's Skeleton Hates i 

on-meUllic Elements.) 

id Miller's Notes on Assayin; 
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UdetTs Sewage and the Bacterial Puxificatioii of Sewage 8vo, 

Boddiman't Incompatibilities in Presc^ptions 8vo, 

%himpf • Text-book of Volumetric Analysis X2mo, 

99toeer*8 Handbook for Chemists of Beet-sugar Houses x6mo, morocco, 

Handbook for Sugar Manufacturers and their Chemists. . i6mo, morocco, 

ftoekbridge's Rocks and Soils 8vo, 

^Tinman's Elementary Lessons in Heat 8vo, 

* Descriptive General Chemistry 8vo 

Tireadwell's Qualitative Analysis. (HalL) 8vo, 

Ttimeattre and Russell's Public Water-supplies 8vo, 

Tan Deventer's Physical Chemistry for Beginners. (Boltwood.) x2mo, 

•Walke's Lectures on Explosives 8vo, 

Wells's Laboratory Guide in Qualitative Chemical Analysis 8vo, 

Short Course in Inorganic Qualitative Chemical Analysis for Engineering 

Students x2mo. 

While's Microscopy of Drinking-water 8vo, 

Wiechmann's Sugar Analysis Small 8vo. 

Wilson's Cyanide Processes x2mo, 

Chlorination Process i2mo 

WtUUng's Elementary Course in Inorganic Pharmaceutical and Medical Chem- 
istry i2mo, 2 00 

CIVIL ENGINEERING. 

BRIDGES AND ROOFS. HYDRAULICS. MATERIALS OF ENGINEERING. 

RAILWAY ENGINEERING. 

Baker's Engineers* Surveying Instruments i2mo, 3 00 

Bizby's Graphical Computing Table Paper, 19^X24^ inches. as 

** Burr's Ancient and Modem Engineering and the Isthmian Canal. (Postage, 

27 cents additionaL) 8vo, net, 3 50 

Comstock's Field Astronomy for Engineers 8vo, 2 so 

Davis's Elevation and Stadia Tables 8vo, x 00 

Bluett's Engineering for Land Drainage i2mo, x so 

Practical Farm Drainage i2mo, x 00 

Folwell's Sewerage. (Designing and Maintenance.) 8vo, 3 00 

Fkeitag's Architectural Engineering. 2d Edition, Rewritten 8vo, 3 so 

French and Ives's Stereotomy 8vo, 2 so 

Goodhue's Municipal Improvements X2mo, x 75 

Goodrich's Economic Disposal of Towns' Refuse 8vo, 3 so 

Gore's Elements of Geodesy 8vo, 2 so 

Hayford's Text-book of Geodetic Astronomy 8vo, 3 00 

Howe's Retaining Walls for Earth i2mo, x 2S 

Johnson's Theory and Practice of Surveying Small 8vo, 4 00 

Statics by Algebraic and Graphic Methods 8vo, 2 00 

Kiersted's Sewage Disposal i2mo, i as 

Laplace's Philosophical Essay on Probabilities. (Truscott and Emory.) i2mo, 200 

Mahan's Treatise on Civil Engineering. (1873.) (Wood.) 8vo s 00 

♦ Descriptive Geometry 8vo, x 50 

Merriman's Elements of Precise Surveying and Geodesy Svo, 2 50 

Elements of Sanitary Engineering Svo, 2 00 

Merriman and Brooks's Handbook for Surveyors x6mo, morocco, 2 00 

Nugent* s Plane Surveying Svo, 3 50 

Ogden's Sewer Design X2mo, 2 00 

Patton's Treatise on Civil Engineering Svo, half leather, 7 50 

Reed's Topographical Drawing and Sketching 4to, 5 00 

Rideal'^ewage and the Bacterial Purification of Sewage Svo, 3 50 

Siebert and Biggin's Modem Stone-cutting and Masonry 8v^ * "^ 

Slmitb'5 Manual of Topographical Drawing. (McMiQatL.') 

5 



foadciicker'i Graphic SUtlcs, oiib i.pplicaiiDiu to Tniuri, ' 
Acches, fShortlu.) 

•Traulwinc's Civil EncinHi'iPockat-book 

Wail's EngiQeeiinE Bad Artbilectuial JurisiiiudeDH 

Sheep, fi S» ■ 
Law of OpCTBtioafl PrtUmioaiy to Conitrtiction In Eii£irLFefii]g and Archl- 




ShMp, i S° I 

Uw of Coatiscti Byd, 1 W 

Warren's Slefeotomy— Probiems la Stone-cuttioe 8vo, i S» 

Webb'e PiDblrme In the II°e and AdjuBtmsnl ot EactDeering Instrumeals. 
I6n 

• Wheeler'i Elementary Couna of Civil EnginecTini 

Wilnon'B Topogrsphic Suneying 8yD, J J" 



BRIDGES AND ROOFS. 

Bollei's Ptactital Treatise on the Conatructign ot Iron Highway Bridges. .8m, a 

• Thames River Bridge. 4I0, paper, ■ 

Burr's Couru on the Stresses in Bridges and Roof tnieses. Arched Ribs, and 

Suspension Bridges 8vo, ■ 

fiu Boil's Mechanics of EnglneeriDg. Vol. U. Small 4I0, i( 

Foster's Treatise on Wooden Trestle Biidses 4ta, ; 

Fowler's Cofler-dam Process for Piers Sro, : 

Greene's Roof Trusses 8vo, 1 

Bridge Tiusses 8to, : 

ArchMb Wood, Iron, and Slone Bra, : 

Howe's Treatise OQ Arches , . .Bto 4 00 

Design of Simple Roof-trasses in Wood and Steel Bto, 1 

Johnson, Bryan, and Tumeauro's Theory and Practice In the OnSpiing of 

Uodern Framed Structures Small 410. IS 

Herriman and Jncoby's Text-book on Roofs and Bridees: 

Parti.— Stresses in Simple Trusses 8ra, a 

Part n. — Graphic Statics 8to. a 50 

Part m.— Bridge Design, 4th Edition, Rewritten Svo, i So 

Part rV.— Higher Stractnros Svo, 3 so 

Uorison's Memphis Bridge 4to, 1000 

Waddell'sDePontibus.aPocket-bookfor Bridge Engineers.. .ifimo, morocco, 3 do 

SpecificationsforSteelBridgea umo, t is 

Wood's Treatlseon the Theory of the CoDStractionofBrldt«B«tulRoofs. Svo, 1 00 
Wright's Designing of Draw-spans: 

Part I. —Plate-girder Draws Svo, j so 

Partn.—Riveted-truss and Pin-connected Long-span Draws Svo, i 50 

Two parts la one volume Svo, 3 so 



HYDRAULICS. 

Baiin's Eiperiments upon the Contraction of the Liquid Vein luuing from an 

Oiiflco. (Trautwine,) Bvo, a no 

Hove y's Treatise on HydrauUcs Svo. 5 00 

Church's Mechanics of Engineering Sro, 6 oa 

DUgrams of Mean Velocity of Water in Open Channels P«pw> I » 

Coffin's Graphical Solutloa of Hydraulic Problems i6ao, moroocoi 3 j0 

Flalher's Dynamoraeters. and the Heasurement of Power lamo, 3 oa 

FolweU's Water-supply Enjineering Bvo, 4 00 

FrlzeU's Wster-power •*"»■ 'i ™ 



I^i«rte8'8 Water and PubUc Health xamo, x 5» 

Water-filtration Works lamo, a 50 

GftncoiUet and Kutter*! General Formula for the Uniform Flow of Water in 

Rivers and Other Channels. (Hering and Trautwine.) 8vo, 4 00 

Bazen's Filtration of Public Water-supply 8vo, 3 oo 

Hazlehursfs Towers and Tanks for Water-works 8vo, 2 50 

HerKhel's 1x5 Experiments on the Carrying Capacity of Large, Riveted, Metal 

Conduits 8vo, a o» 

Kason's Water-supply. (Considered Principally from a Sanitary Stand- 
point) 3d Edition, Rewritten 8vo, 4 oa 

Verriman's Treatise on Hydraulics. 9th Edition, Rewritten Svo, 5 oa 

* Michie's Elements of Analytical Mechanics S^o, 4 00^ 

Schuyler's Reservoirs for Irrigation, Water-power, and Domestic Water- 
supply Large 8vo, 5 o<> 

** Thomas and Watt's Improvement of Riyers. (Post., 44 c. additional), 4to, 6 o^ 

Tumeaure and Russell's Public Water-supplies 8vo. 5 oo 

Wegmann's Desien and Construction of Dams 4to, 5 00 

Water-suoplv of the City of New York from 1658 to 1895 4to, 10 00 

Weisbach's Hydraulics and Hydraulic Motors. (Du Bois.) 8vo, 5 00 

Wilson's Manual of Irrigation Engineering Small 8vo, 4 00 

WolfPs Windmill as a Prime Mover 8vo,T'3 00 

Wood's Turbines 8vo, a 50 

Elements of Analirtical Mechanics 8vo, 3 00 



MATERIALS OF ENGINEERING. 

Baker's Treatise on Masonry Construction 8vo, 5 00 

Roads and Pavements 8vo, 5 00 

Black's United States Public Works Oblong 4to, 5 00 

Bovey's Strength of Materials and Theory of Structures 8vo, 7 5<^ 

Burr's Elasticity and Resistance of the Materials of Engineering. 6th *Edi- 

tion. Rewritten .8vo, 7 50- 

Byrne's Highway Construction 8vo, 5 oa 

Inspection of the Materials and Workmanship Employed in Construction. 

i6mo, 3 oo- 

Church's Mechanics of Engineering 8vo, 6 oo* 

Du Bois's Mechanics of Engineering. VoL I Small 4to, 7 50- 

Johnson's Materials of Constructian Large 8vo, 6 oo 

Keep's Cast Iron 8vo, a 50 

Lanza's Applied Mechanics 8vo, 7 5a 

Martens's Handbook on Testing Materials. (Henning.) 2 vols 8vo. 7 50 

Merrill's Stones for Building and Decoration 8vo, 5 00 

Herriman's Text-book on the Mechanics of Materials 8vo, 4 oa 

Strength of Materials Z2mo, i oa 

Metcatf' s SteeL A Manual for Steel-users i2mo, a oa 

Patton's Practical Treatise on Foundations 8vo, 5 oa 

Rockwell's Roads and Pavements in France X2mo, z as 

Smith's Wire : Its Use and Manufacture Small 4to, 3 oa 

Materials of Machines i2mo, i oa 

Snow's Principal Species of Wood 8vo, 3 5a 

Spalding's Hydraulic Cement i2mo, 2 oa 

Text-book on Roads and Pavements i2mo, 2 oa 

Thurston's Materials of Engineering. 3 Parts 8vo, 8 oa 

Part I. — Non-metallic*Materials of Engineering and Metallurgy 8vo, a oa 

Part n. — Iron and Steel 8vo, 3 5a 

Part III.— A Treatise on Brasses, Bronzes, and OVhvc k!l^i^ «sA ^<vc 

Constituenta %<q^^ tT 
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Watt^ Tiitlrt»wli»t *iMi AicMttrtwl Jwhinrf^Qf ftio, 

ShMf. 6 
Law of <h^tfitteiiiFrtBmiiiriyt>C <>M fa uc ttoii in WnghwHirfnglKnd ArU- 

SliM». 9 

Lawof Contracte. dvo, 3 

Winthrop's Abfidgmaittof IfifitaryLaw iumh a 



MANUFACTURES. 

Bemadou'i Smo^teM Powdei^— NUro-ccIhiloM and TIimht ^ tiie Celliilow 

Molecule lamo. a 

Bolland's Iron Founder laaw, a 

" The Iron Founder,** Supplement. lamov a 

Encyclopedia of Founding and Dictionary of^Foundry Terms Uaedjn tiie 

Practice of Moulding lamo, s 

Eissler's Modem High Ezploaivet 8vo, 4 

Bffront'i Enzymes and their Applications. (Prescott.) 8fO» 3 

Fitzgerald's Boston Machinist iSpio, i 

Ford's Boiler Making for Boiler Makers iSttio, i 

Hopkins's Oil-chemists' Handbook 8vo. 3 00* 

Keep's Cast Iron. 8vo, a S^ 

Leach's The Inspection and Analysis of Foodlwith Spedamteference to State 

ControL (/n •preparation,) 

Metcalf's Steel. A Manual for Steel-users xamo, a •% 

Metcalfe's Cost of Manufactures — ^And the Administration ai Workshopa. 

Public and Private Sro. S O^ 

Meyer's Modern Locomotive Construction 4to, 10 CM^ 

* Reisig's Guide to Piece-dyeing Sro. as oo* 

Smith's Press-working of Metals Sro, 3 oa 

Wire : Its Use and Manufacture Small 4to, 3 00- 

Spalding's Hydraulic Cement X2mp> a oo< 

Spencer's Handbook for Chemists of Beet-sugar Houses i6mo, morocco, 3 00- 

^ andboo\ tor dugar Manutacturers and their Chemists.. . z6mOf morocco, a 00 
Thurston's Manual of Steam-boilers, their Designs, Construction and Opera- 
tion Svo, s 00 

* Walke's Lectures on Explosives Svo, 4 oo" 

West's American Foundry Practice i2nio, a 50- 

Moulder's Text-book lamo, a SO- 

Wiechmann's Sugar Analysis Small Svo, a 5(K 

Wolff's Windmill as a Prime Mover 8vo,T"3 00 

Woodbury's Fire Protection of Mills 8vo,^a 50- 



MATHEMATICS. 

Baker's Elliptic Fimctions Svo, i 50- 

* Bass's Elements of Differential Calculus lamo, 4 00 

Briggs's Elements of Plane Analytic Geometry lamo, i 00 

Chapman's Elementary Course in Theory of Equations lamo, i 5fl^ 

Compton's Manual of Logarithmic Computations lamo, i 50 

Davis's Introduction to the Logic of Algebra Svo, i S^ 

e Dickson's College Algebra Large zamo, i sa 

* Introduction to the Theory of Algebraic Equations Laigelzamo, z as 

Eahited'B Elements of Geometry Svo, z 7S 

EkmenUay fifynthetJ'- •'^«*> '»- ^ 
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I'jBfano'i Thne-pkce Logaritfamic Tablet: Vtit-pocket tize paper, 

10 3 copies for 
* Mounted on hoaTj cardboard, 8 ■ 10 inches, 

10 copies for 

Elementary Treatise on the Intecral Caknhis Small 8vo, 

Curve Tracing in Cartesian Co-ordinates i zmo. 

Treatise on Ordinary and Partial Differential Equations Small 8vo, 

Theory of Errors and the Method of Least Squares 1 2mo, 

* Theoretical Mechanics 1 2nio, 

lililice's Philosophical Essay on Probabilities. (Truscott and Emory. ) 1 2 mo, 

* Ludlow and Bass. Elements of Triconometry and Logarithmic and Other 
Tables 8vo, 

Trigonometry and Tables published separately Hach. 

Mmrer's Technical Mechanics, (/n preparation.) 

Mcrriman and Woodward's Higher Mathematics 8vo, 

Ibrrlman's Method of Least Squares 8vo. 

Bice and Johnson's Elementary Treatise on the Differential Calculus . Sm., 8vo. 

Differential and Integral Calculus. 2 vols, in one Gmall 8vo, 

Wood's Elements of Co-ordinate Geometry 8vo, 

Trigonometry: Analytical, Plane, and Spherical i2mo. 

MECHANICAL ENOmEERING. 

MATERIALS OF ENGINEERING, STEAM-ENGINES AND BOILERS. 

Baldwin's Steam Heating for Buildings 1 2mo, 2 50 

Barr's Kinematics of Machinery 8vo, 2 50 

* Bartlett's Mechanical Drawing 8vo, 3 00 

Benjamin's Wrinkles and Recipes i2mo, 2 00 

Carpenter's Experimental Engineering 8vo, 6 00 

Heating and Ventilating Buildings 8vo, 4 00 

Cleric's Gas and Oil Engine Small 8vo, 4 00 

Coolidge's Manual of Drawing 8vo, paper, i 00 

Cromwell's Treatise on Toothed Gearing i2mo, i 50 

Treatise on Belts and Pulleys i2mo, i 50 

Durley's Kinematics of Machines 8vo, 4 00 

Flather's Dynamometers and the Measurement of Power 12 mo, 3 00 

Rope Driving i2mo, 2 00 

Gill's Gas and Fuel Analysis for Engineers i2mo, x 25 

Hall's Car Lubrication i2mo, i 00 

Mutton's The Gas Engine. (In preparation.) 
Jones's Machine Design: 

Part I. — Kinematics of Ifachinery 8vo, x 50 

Part II. — Form, Strength, and Proportions of Parts Svo, 3 00 

Kent's Mechanical Engineer's Pocket-book x6mo, morocco, 5 00 

Kerr's Power and Power Transmission Svo, 2 00 

MacCord's Kinematics; or. Practical Mechanism Svo, 5 00 

Mechanical Drawing 4to, 4 00 

Velocity Diagrams Svo, x 50 

Mahan's Industrial Drawing. (Thompson.) Svo, 3 50 

Poole's Calorific Power of Fuels Svo, 3 00 

Reid's Course in Mechanical Drawing Svo. a 00 

Text-book of Mechanical Drawing and Elementary Machine Design . . Svo, 3 00 

Richards's Compressed Air X2mo, x 50 

Robinson's Principles of Mechanism Svo, 3 00 

Smith's Press-working of Metals Svo, 3 00 

Thurston's Treatise on Friction and Lost Work in Machinery and Mill 

Work Svo, 3 00 

AnJmal as a Machine and Prime Motorv and thib !««» ci 1B!iiinifb^9«a .\im<(k« \ v^ 
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Warren*! Elements of Machine Construction and Drawing 8vOt 7 SO 

Weisbach's Kinematics and the Power of Transmission. Herrmann- 
Klein,) Srro, 5 00 

Machinery of Transmission and Governors. (Herrmann — Sllein.). .8to. 5 oo 

Hydraulics and Hydraulic Motors. (Du Bois.) 8to, 6 oe 

Wolflf's Windmill as a Prime Mover 8vo, 3 oo 

Wood's Turbines 8vo, a 50 

MATERIALS OF ENGINEERING. 

Bovey's Strength of Materials and Theory of Structures 8vo, 7 50 

Burr's Elasticity and Resistance of the Ifaterials of Engineering. 6th Edition, 

Reset 8to, 

Church's Mechanics of Engineering 8to» 

Johnson's Materials of Construction Large 8vo, 

Keep's Cast Iron 8vo. 

Lanza's Applied Mechanics Svo, 

Martens's Handbook on Testing Ifaterials. (Henning.) 8vo, 

Merriman's Text-book on the Mechanics of Materials 8vo, 

Strength of Materials lamo, 

Metcalf' s Steel. A Manual for Steel-users lamo 

Smith's Wire : Its Use and Manufacture Small 4to» 

Materials of Machines lamo, 

Thurston's Materials of Engineering 3 vols , Svo, 

Part II. — Iron and Steel 8vo, 

Part III. — A Treatise on Brasses, Bronzes, and Other Alloys and their 
Constituents 8vo, 

Text-book of the Materials of Construction 8vo 

Wood's Treatise on the Resistance of Materials and an Appendix on the 
Preservation of Timber Svo, 

Elements of Analytical Mechanics 8vo, 



STEAM-ENGINES AND BOILERS. 

Carnot's Reflections on the Motive Power of Heat. (Thurston.) i2mo, i 50 

Dawson's "Engineering" and Electric Traction Pocket-book. .i6mo, mor., 4 00 

Ford's Boiler Making for Boiler Makers i8mo, i 00 

Goss's Locomotive Sparks 8vo, 2 00 

Hemenway's Indicator Practice and Steam-engine Economy i2mo, 2 00 

Button's Mechanical Engineering of Power Plants 8vo, 5 00 

Heat and Heat-engines 8vo, 5 00 

Kent's Steam-bo'ler Economy 8vo, 4 00 

Kneass's Practice and Theory of the Injector 8vo, i 50 

MacCord's Slide-valves 8vo, 2 00 

Meyer's Modern Locomotive Construction 4to, 10 00 

Peabody's Manual of the Steam-engine Indicator i2mo, i 50 

Tables of the Properties of Saturated Steam and Other Vapors 8vo, i 00 

Thermodynamics of the Steam-engine and Other Heat-engines 8vo, 5 00 

Valve-gears for Steam-engines 8vo, 2 50 

Peabody and Miller's Steam-boilers 8vo, 4 00 

Pray's Twenty Years with the Indicator Large 8vo, 2 50 

Pupln's Thermodynamics of Reversible Cycles in Gases and Saturated Vapors. 

(Osterberg.) i2mo, 1 25 

Reagan's Locomotives : Simple, Compound, and Electric X2mo, 2 50 

Rontgen's Principles of Thermodjmamics. (Du Bois.) Svo, 5 00 

Sinclair's Locomotive Engine Running and Management xamo, 2 00 

Smart's Handbook of Engineering Laboratory "PtacWcfc i.^mo, a 50 

Snow's Steam-boiler Practice •^"'^^ "^ ^ 

1^ 



Talv»-CMn 870, 2 50 

IdtM on Thennodynamics i2mo, i oa 

^^pmliii, Greene, and Manhall's Elements of Steam-encineering 8vo, 3 00 

1*8 Handy Tables 8vo, x 50 

Manual of fhe Steam-engine a vols. 8vo, 10 00 

Part I. — ^History, Structuce, and Theory 8vo, 6 oo 

Partn. — ^Design, Construction, and Operation 8vo, 6 oa 

Handbook of Engine and Boiler Trials, and the Use of the Indicator and 

the Prony Brake 8vo, 5 oa 

Stationary Steam-engines 8vo, 2 50 

Steam-boiler Explosions in Theory and in Practice i2mo, i 50 

Manna 1 of Steam-boilers, Their Designs, Construction, and Operation . 8vo, 5 oo 

"Wdsbach's Heat, Steam, and Steam-engines. (Du Bois.) 8vo, 5 oo 

^ndtham's Steam-engine Design 8vo, 5 oo 

'Wihon's Treatise on Steam-boilers. (Flather.) i6mo, 2 50 

food's Thermodynamics, Heat Motors, and Refrigerating Machines. . . .8vo, 4 00 



MECHANICS Aim MACHINERY. 

fiatr's Elinematics of Machinery 8vo, 

IBoTesr's Strength of Materials and Theory of Structures 8vo, 

Chase's The Art of Pattern-making i2mo, 

ChordaL — Extracts from Letters i2mo, 

Qmrch's Mechanics of Engineering 8vo> 

Kotes and Examples in Mechanics 8vo, 

Compton's First Lessons in Metal-working i2mo, 

Compton and De Groodt's The Speed Lathe i2mo, 

Cromwell's Treatise on Toothed Gearing i2mo. 

Treatise on Belts and Pulleys i2mo, 

Dana's Text-book of Elementary Mechanics for the Use of Colleges and 

Schools i2mo, 

IMngey's Machinery Pattern Making i2mo, 

Dredge's Record of the Transportation Exhibits Building of the World's 

Columbian Exposition of 1893 4to, half morocco, 5 oa 

Dtt Bois's Elementary Principles of Mechanics : 

Vol. I. — Kinematics 8vo, 

VoL n.— Statics 8vo, 

Vol. m.— Kinetics 8vo, 

Mechanics of Engineering. Vol. I Small 4to, 

Vol. n Small 4to, 

Durley's Kinematics of Machines 8vo, 

Fitzgerald's Boston Ifachinist i6mo, 

Flather's Dynamometers, and the Measurement of Power i2mo. 

Rope Driving X2mo, 

Goss's Locomotive Sparks !8vo. 

Hall's Car Lubrication , i2mo. 

Holly's Art of Saw Filing i8mo 

* Johnson's Theoretical Mechanics Z2mo, 

Statics by Graphic and Algebraic Methods 8vo, 

Jones's Ifachine Design: 

Part L — ^Kinematics of Machinery 8vo, 

Part n. — Form, Strength, and Proportions of Parts 8vo, 

Kerr's Power and Power Transmission 8vo, 

Lanza's Applied Mechanics 8vo, 

HacCord's Kinematics; or. Practical Mechanism 8vo, 

Velocity Diagrams ^ 8vo, 

Maurer's Technical Mechanics, (/npreparatum.^ 
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Ifeniiiuin's Tezt^book on the Mechanict of Utterlali Sro, 

• MicUo's Bkmeats of Aiuilytical Mechanki 8ffo, 

Reafan'i Locomotiyot: SisnplOi Compound* and Bloctric lamo. 

Reid'i Coune in Mochanicml Dimwinc 8vo, 

Tezt-book of Mechmnical Drawing and Elomentary Machfaio Design. .Svo, 

Richards's Compreioed Air lamo, 

Robinson's Principles of Mechanism 8vo, 

Ryan, Norris, and Hoxie's Electrical Machinery, (/n preparation.) 

Sinclair's Locomotive-engine Running and Management lamo. 

Smith's Press-working of MeUls Sro, 

Materials of Machines lamo, 

Spangler, Greene, and Ifarshall's Elements of Steam-engineering Svo, 

Thurston's Treatise on Friction and Lost Work in Machinery and Mill 
Work Sro, 

Animal as a Machine and Prime Motor, and the Laws of Energetics. lamo, 

Warren's Elements of Machine Construction and Drawing Sro, 

Weisbach's Kinematics and the Power of Transmission. (Herrmann — 
Klein.) Svo, 

Machinery of Transmission and Governors. (Herrmann — Klein.). Svo, 
Wood's Elements of Analytical Mechanics Svo, 

Principles of Elementary Mechanics xamo. 

Turbines Svo, 

The World's Columbian Exposition of 1893 « 4to, 

METALLURGY. 

Egleston's Metallurgy of Silver, Gold, and Mercury: 

Vol. I.— Silver Svo, 7 50 

Vol. II. -Gold and Mercury Svo, 7 50 

** Iles's Lead-smelting. (Postage 9 cents additional.) lamo, 2 50 

Keep's Cast Iron Svo, 2 50 

Kunhardt's Practice of Ore Dressing in Europe Svo, i 50 

Le Chatelier's High-temperature Measurements. (Boudouard — Btirgess.) . i2mo, 3 00 

Metcalf* s Steel. A Manual for Steel-users 12010, 2 00 

Smith's Materials of Machines i2mo, x 00 

Thurston's Materials of Engineering. In Three Parts Svo, S 00 

Part II. --Iron and Steel Svo, 3 50 

Part III. A Treatise on Brasses, Bronzes, and Other Alloys and their 

Constituents Svo, 2 50 

Ulke's. Modern Electrolytic Copper Refining Svo, 3 00 

MINERALOGY. 

Barringer's Description of Minerals of Commercial Value. Oblong, morocco, 2 50 

Boyd's Resources of Southwest Virginia Svo, 3 00 

Map of Southwest Virginia Pocket-book form, 2 00 

Brush's Manual of Determinative Mineralogy. iPenfield.) Svo, 4 00 

Chester's Catalogue of Minerals Svo, paper, i 00 

Cloth, X 25 

Dictionary of the Names of Minerals Svo, 3 50 

"Hna's System of Mineralogy Large Svo, half leathef, 12 50 

First Appendix to Dana's New "System of Mineralogy." Large Svo, i 00 

Text-book of Mineralogy Svo, 4 00 

lerals and How to Study Them i2mo, x 50 

loffue of American LocaUties oi 'NL\netaV& Large Svo, x 00 

i oi Mineralogy and PetrogtapYiY -vxcEkSi, i. ^m^ 

"^teJogue of Minerals and Synon^tna •^"'^* "»• v^ 

-. Detennixiation of Rock-f otmins Iftmetato. ^^t«2c(^.^ ^x««.\\%,^, ^ « 

U 



^ ** Ptmfteld's Notes on DetennlnatiYe MinAralogy and Record oi junenu retow. 

8yo, paper, o 50 
UtoMnbnscli's Microscopical Physiography of the Rock-making Minerals. 

(Iddings.) 8vo, 5 00 

"^ Tillman's Text-book of Important Minerals and Docks Svo, 2 00 

"Williams's Manual of Lithology Svo, 3 00 

MINING. 

'Beard's Ventilation of Mines i2mo, 2 50 

Boyd's Resources of Southwest Virginia Svo, 3 00 

Ifap of Southwest Virginia Pocket-book form, 2 00 

"* Drinker's Tunneling, Explosive Compounds, and Rock Drills. 

4to, half morocco, 25 00 

Eissler's Modem High Explosives Svo, 4 00 

Fowler's Sewage Works Analyses i2mo, 2 00 

*6oodyear'8 Coal-mines of the Western Coast of the United States i2mo, 2 50 

Ihlseng's Manual of Mining Svo, 4 00 

** Ilea's Lead-smehing. (Postage 9c. additional.) i2mo, 2 50 

Kunhardt's Practice of Ore Dressing in Etirope Svo, i 50 

O'Driscoll's Notes on the Treatment of Gold Ores Svo, 2 00 

* Walke's Lectures on Explosives Svo, 4 00 

Wilson's Cyanide Processes i2mo, i 50 

Chlorination Process i2mo, i 50 

Hydraulic and Placer Mining i2mo, 2 00 

Treatise on Practical and TheoreticaljMine]Ventilation i2mo, i 25 

SANITARY SCIENCE. 

Copeland's Manual of Bacteriology. {In preparation.yjH 

Folwell's Sewerage. (Designing, Construction, ''andlMaintenance.; Svo, 3 00 

Water-supply Engineering. Svo, 4 00 

Fuertes's Water and Public Health i2mo, i 50 

Water-filtration Works i2mo, 2 50 

Gerhard's Guide to Sanitary House-inspection i6mo, x 00 

Goodrich's Economical Disposal of Town's Refuse Demy Svo, 3 50 

Hazen's Filtration of Public Water-supplies Svo, 3 00 

Kiersted's Sewage Disposal i2mo, i 25 

Leach's The Inspection and Analysis of Food with Special Reference to State 

Control. (In preparation.) 
Mason's Water-supply. (Considered Principally from a Sanitary Stand- 
point.) 3d Edition, Rewritten Svo, 4 00 

Examination of Water. (Chemical and BacteriologicaL) i2mo, i 25 

Herriman's Elements of SanitaryJEngineering Svo, 2 00 

Nichols's Water-supply. (Considered Mainly from a Chemical and Sanitary 

Standpoint.) (1S83.) Svo, 2 50 

Ogden's Sewer Design i2mo, 2 00 

* Price's Handbook on Sanitation i2mo, i 50 , 

Richards's Cost of Food. A Study in Dietaries i2mo, i 00 

Cost of Living as Modifiedlby Sanitary'Science i2mo, i 00 

Richards and Woodman's Air, Water, and Food from a Sapitary Stand- 
point Svo, 2 00 

* Richards and Williams's The Dietary^Computer Svo, i 50 

Rideal's Sewage and Bacterial Purification of Sewage Svo, 3 50 

Tumeaure and RusseU'B Public Water-suppUes .Vio^ «» ^^ 

Whipple's Microscopy of Drinking-water .V»^, "^ V* 

Woodhull's Notes and Military Hygiene A.tkTao, -»> ^^ 
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SouadincB 

cil Guidf-bDOk al the Rocky Houotala Eicunioa o 

losl Conercsi of Geologists Large Sro, 

entlH on the Wlnda Sto, 

RbUwb? HsnagBmeal nmD, 

,'DigeatibiUtT,andHutritivBVaIuBof Food, Mounted chart, 

Pieaenl Theory o( Sound iSmo, 

r, of ReiiEsela.ec Polrtechaic Inititute, 1814-1894. Small 8vo 

0Dn4siitil No* Testament Large Syo, 

in the Diaeasts of the Dog 

int Question in MetroiogT 



HEBREW AMD I TEXT-BOOKS. 

unar of the Hebrew LiLnguHEe 



.:-l 



Hebrew Chreelomathy 

(TreBelles.) 
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